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Abstract 
In this project cyclisation chemistry using palladium and radical methodologies has been 
developed. The aim was to compare palladium and radical mediated cyclisations. Initially 
small molecules containing amine and amide functional groups were synthesised to screen the 
methodology. Later the design of these molecules was changed to be based on the imidoyl 
functional group. 
A series of N-benzyl protected aliphatic amine and amides were synthesised in the hope (with 
the aim of cyclisation) that they could be cyclised using both palladium and radical 
conditions. When these examples failed, which was attributed to the strain of the cyclic 
molecules, alternative precursors were sought. Initially, the N-protecting group was changed 
to a tosyl-group. However, when this had no positive effect, the size of the precursor 
molecules were examined. Two alternative amine precursors were designed which would 
remove the strain element in the cyclised molecules. The lengthy synthesis of these two 
molecules was not favourable for the development of methodology. Although it appeared that 
the cyclisations were now occurring it did not prove favourable to carry on down this path. 
The final part of this research project utilises imines and imidoyl selenides as radical and 
palladium cyclisation precursors respectively. A series of aromatic imines and imidoyl 
selenides were synthesised. The irnines were synthesised from amino-biphenyl and a range of 
p-substituted benza1dehydes. The corresponding imidoyl selenides were synthesised from 
amino-biphenyl and a range of p-substituted benzoyl chlorides to give the amides which in 
tum were converted to the target molecules via the imidoyl chlorides. The successful 
cyclisations using both methodologies resulted in a series of phenanthridines. This success of 
these cyclisations led to further precursors being developed which included bis-
phenanthridine, alkyne, alkyl and heteroaromatic precursors. However, most of the 
cyclisations of these molecules proved problematic and require further development of 
methodology. 
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1 Introduction 
The studies described in this thesis are a development and comparison of palladium and 
radical mediated cyclisations. The research described herein focuses on intramolecular 
cyclisations to synthesise heterocycles. The following introduction will be a brief review of 
research which is reported in the literature where palladium and radical methodologies have 
been compared. This will be followed by a more in depth look into the separate components; 
intramolecular Heck reactions, intramolecular vinyl radical reactions and imidoyl radical 
reactions. 
1.1 Existing Palladium and Radical Comparisons 
The use of both palladium and radical-mediated reactions has become widespread. Both of 
these methodologies have proven to be highly successful and are extensively reviewed topics 
in the literature. However, few examples exist in which palladium and radical mediated 
reactions are compared. I .I -I .s The examples which exist seem promising, however, it appears 
that researchers have been put off from further development of this area. We have speculated 
that there may be several factors contributing to this gap in the literature. We believe the 
biggest deterrent may be the differing knowledge and techniques required to carry out each 
methodology. In general palladium will undergo non-reductive cyclisations whereas radical 
reactions using Bu3SnH, for example, bring about reductive cyclisations. There have been no 
systematic comparisons reported in the literature so those examples using both palladium and 
radical reactions are detailed below. 
A paper by Curran and Du provides an account in which they have used both palladium and 
radical reactions in the synthesis of ll-H-indolizino[I,2-b]quinoline-9-ones.1.I Curran has 
previously shown that radical cascade reactions of arylisonitriles and 6-iodo-N-
propargylpyridones typically provide ll-H-indolizino[I,2-b]quinoline-9-ones in a one-pot 
reaction (scheme 1.1)1.6 
3 
Scheme 1.1: Curran and Du's radical synthesis of 
II-H-indolizino[I,2-bJquinoline-9-ones. 
The ring system set up in these reactions is the core of various natural products such as 
camptothecin 1.1 and homocamptothecin 1.2. Many of these analogues have been shown to 
have potent anti-cancer properties. Included in the list of promising compounds is the 
analogue DB-67 1.3, which is currently in preclinical development (figure 1.1)1.7 
H'" I OH 0 
camptothecin 
1.1 
HO 
TBS 
DB-67 
1.3 
Figure 1.1 
HO : 
./" 0 
homocamptothecin 
1.2 
o 
Curran and Du note, that although the generality and simplicity of radical methodology is 
ideal for discovery chemistry, the reliance on stoichiometric amounts of tin reagents brings 
toxicity and separation issues. This is far from ideal for large scale preparations. Therefore, 
they turned to palladium catalysed processes. Il-H-Indolizino[1,2-bJquinoline-9-ones have 
been obtained from the same two precursors as for the radical reactions. The researchers were 
able to generate a variety of quinolines using the palladium methodology (scheme 1.2). 
During their research Curran and Du observed that electron rich isonitriles were needed. This 
suggested that the palladium reaction does not proceed through a free radical addition 
mechanism. 
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Entry 
1 
2 
3 
4 
5 
6 
Isonitrile 
(R\R2) 
1.4 (4-MeO) 
1.5 (4-BnO) 
1.6 (4-Me2N) 
1.7 (4-Me) 
1.6 (4-Me2N) 
1.8 (3,4-diOMe) 
20% Pd(OAc)2 
Ag2C03, PhMe, 
25 QC, 24 h • 
then lO%Pd 
Iodopyridone 
(RI) 
1.9 (TES) 
1.10 (TBS) 
1.11 (TMS) 
1.10 (TBS) 
1.12 ('Bu) 
1.10 (TBS) 
Quinoline 
(yield, %) 
1.13 (66) 
1.14 (92) 
1.15 (67) 
1.16 (41) 
1.17(41) 
1.18 (83) 
Scheme 1.2: ll-H-Indolizino[1,2-bJquinoline-9-ones 1.13-1.18 prepared in palladium 
promoted cascade reactions. 
In order to illustrate the practicality of the palladium reaction Curran and Du prepared DB-67 
1.3 and DB-91 1.19 (scheme 1.3). The yields were found to be superior to the radical reaction 
and purification was much easier. Although scaling up had not been carried out, Curran and 
Du noted that they did not foresee any problems. 
1.20 n = 0 
1.21 n= 1 
HO 
TFA • 
Thioanisole 
BnO 
TBS 
1.3 n = 0 (75%) 
1.19 n = 1 (61%) 
TBS 
HO = 
/ 
1.22 n = 0 (70%) 
1.23 n = 1 (82%) 
Scheme 1.3: Curran's synthesis of DB-67 1.3 and DB-91 1.19. 
o 
n 
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The overall conclusion from Curran and Du's research was that although the palladium 
mediated reactions did not exhibit the same scope as the radical mediated ones, they were 
convenient to carry out on a small scale producing important classes of camptothecin 1.1 and 
homocamptothecin 1.2 analogues in better yields than the radical reactions. 
Using radical addition and the Heck reaction Huck et al. were able to shorten their previously 
developed synthesis to obtain urethane N-carboxyanhydrides from ft-amino acids (fJ-
UNCA's).1.8 The researchers reported the synthesis of N-diprotected a-methylene-ft-amino, ft-
hydrazine and ft-N-hydroxy esters.1.2 Although the original strategy was successful Huck still 
considered that there were problems to be addressed. The new proposed route is shown in 
scheme 1.4. Synthon 1.25 was synthesised in high yield (99%). 
i) AffiN, BU3SnH (slow addition), C6H6, reflux 3 h. 
ii) Pd(OAc)2, PPh3, K2C03, nBu4Br, MeCN, relux 16 h. 
Scheme 1.4: Huck et al.'s proposed synthesis of P-UNCA's. 
In their previous attempts to incorporate structural diversity Huck et al. tried to alkyl ate the a-
position of the UNCA's derived from ft-aniline. However, they had no success and these 
failed attempts were explained by the lack of stability of such compounds towards strong 
basic conditions. For this reason Huck et al. turned to radical and Heck chemistry to 
incorporate structural diversity into the ft-UNCA's. This was achieved by 1,4-radical addition 
and Heck reactions performed on the double bond of the synthon 1.28-1.31. ft-Amino esters 
containing various functional groups a to the ester groups were obtained in good yields. Alkyl 
iodides were used in the radical coupling (scheme 1.5). 
6 
(BOC)zN~C02Me 
1.25 
RI, 
BU3SnH, AIBN ~C02Me 
Benzene " (Boc)2N ~ 
Reflux "-
4h R 
1.28 (75%) R = i-propyl 
1.29 (74%) R = cyclohexyl 
1.30 (80%) R = (CH2)zC02Me 
o 
1.31 (70%) R -«N--(CHW 
o 
Scheme 1.5: Coupling of synthon 1.25 wih aryl iodides using radical chemistry. 
Aryl iodides were coupled to the synthon 1.25 using the Heck coupling reactions (scheme 
1.6). The ratios of the Z- and E-isomers are shown. 
RI, 
1.25 
Pd(OAch, PPh3, lC02Me 
K CO B B" (BochN I 23, nu4 r 
MeCN, Reflux R 
16h 
1.32 (85%) Z:E 40:60 R = Ph 
1.33 (63%) Z:E 40:60 R = p-MeO-C6H4 
Scheme 1.6: Coupling of aryl iodides with the synthon 1.25 with Heck chemistry. 
From these amino esters the researchers were able to achieve the ft-UNCA derivatives in two 
further steps using previously reported proceduresl.8 The use of radical additions and 
palladium reactions resulted in reduced and unsaturated ft-amino esters respectively. 
Unfortunately, Huck and co-workers made no attempt to offer any form of comparison 
between the two methodologies. We can say however, that both methodologies provide good 
yields of the cyclised products. With the Heck reaction the dehydropalladation was not 
regioselective giving geometric isomers which is not always ideal for organic synthesis. 
Morice et al. have reported intramolecular Heck and radical reactions to obtain 
hexahydrobenzofluro[2,3-cJpyridine platforms. I .3 The main focus was to synthesise the 
pyridine 1.34. Previous reported routes to the pyridine 1.34 are said to be linear requiring 
tedious transformations lacking flexibility. Morice and co-workers used the disconnection 
approach which depends upon the coupling of two 6-membered ring structures to give the 
7 
I 
J 
furan ring (scheme 1.7). They believed this design to be shorter and more versatile than 
previous existing methodologies. 
==» ~~ ~ ====»~ ~ 
X O~NPg X OH 
1.34 
Scheme 1.7: Morice and co-workers proposed disconnection of the pyridine 1.34. 
The ether link is relatively easy to construct from phenols and allyJic alcohols. Heck and 
radical chemistry has been proposed by Morice to construct the C-C bond. In order to carry 
out such transformations the presence of both a halide ortho to the ether on the aromatic ring 
and a double bond correctly placed in the 3-0H-tetrahydropyridine are required. Morice et al. 
synthesised a range of phenolic ethers from o-halogenophenols and piperidinols using 
Mitsunobu coupling conditions. Using classical conditions the researchers performed 
intramolecular Heck reactions on the ethers 1.35-1.42. The ethers 1.37-1.39 cyclised in good 
to modest yields. Morice et al. explain that the dehydropalladation is regioselective which 
installs the double bond producing the enamide function in 1.45-1.47 (scheme 1.8). 
(frX ~ R2~O~N'C02Et 
RI 
1.35 RI =H, R2= H, X= Br 
1.36RI =Br,R2=H, X=Br 
1.37RI =H,R2=H, X=I 
1.38 RI =H, R2= Me, X= I 
1.39 RI =H, R2= OMe, X= I 
1.40 RI = H, R2= CF3, X = I 
1.41RI=H,R2=F,X=I 
1.42 RI = Me, R 2 = Me, X = I 
MeCN/THF, 
Reflux, 
20h 
1.43 (0%) RI = H, R2 = H 
1.44 (0%) RI = Br, R2 = H 
1.45 (75%) RI =H, R2=H 
1.46 (30%) RI = H, R2= Me 
1.47 (30%) RI = H, R2= OMe 
1.48 (0%) RI = H, R2= CF3 
1.49 (0%) RI = H, R2= F 
1.50 (0%) RI = Me, R2 = Me 
Scheme 1.8: Application of palladium chemistry on synthons 1.35-1.42 
However, under the same conditions synthons 1.35-1.36 and 1.40-1.42 do not undergo 
cyclisation. The researchers believe that the oxidative insertion of the palladium does not 
occur. Instead they propose that the palladium forms a 1r-allyt-complex-which_call~e~Jh_e_ 
8 
phenol to act as a leaving group. The isolation of the respective phenols and dihydropyridine 
at the completion of the reaction further supports the proposed pathway of Morice and co-
workers. Using Snieckus' conditions, the ethers 1.35-1.42 were submitted to the radical 
pathway (scheme 1.9). Morice and co-workers found that after the complete consumption of 
the starting material all the reactions proceeded cleanly. They were able to isolate the products 
1.51-1.58 in good to excellent yield (79-90%). 
rlrX~ R2YO~N""C02Et 
RI 
1.35 RI =H R2=H X= Br 
1.36RI=BrR2=H X=Br 
1.37 RI = H R2=H X= I 
1.38 RI =H R2=MeX =1 
1.39 RI =H R2= OMe X= I 
1.40 RI = H R2= CF3 X= I 
1.41 RI=HR2=F X=I 
1.42 RI =Me R2= MeX= I 
PhH, 
Reflux, 
3h 
• 
1.51 (S6%)RI =HR2=H 
1.52 (SO%) RI = Br R2= H 
1.53 (SI%) RI = HR2 = H 
1.54 (90%) RI =HR2=Me 
1.55 (90%) RI = HR2= OMe 
1.56 (S7%)RI = HR2= CF3 
1.57 (79%) RI = H R2 = F 
1.58 (79%) RI = Me R2=Me 
Scheme 1.9: Application of radical chemistry to ethers 1.35-1.42. 
Morice and coworkers showed that they were able to use both Heck and radical reactions to 
prepare a series of piperidines using intramolecular pathways. From a preparative view they 
concluded that the radical route proved to be the most reliable of the two methodologies. They 
also found that the radical reactions were more versatile with respect to the functional groups 
on the precursor. 
Berteina and Mesmaeker have described a comparison of the two methodologies in order to 
determine their suitability for application to compounds on solid supportl .4 In a later paper 
Berteina, Wendebom and Mesmaeker utilise the conditions they developed to cyclise a-iodo-
benzyl enamines bound to polystyrenes.1.5 
In the first report Berteina and Mesmaeker comment that palladium and radical methods 
would be useful in combinatorial chemistry as the processes are complementary.I.4 The 
researchers chose enamines containing a p-e1ectron-withdrawing group, which they describe 
as having a push-pull nature. They attempted the radical reactions on synthons 1.59-1.63 
9 
using standard radical conditions. However, under these reaction conditions they found only 
the reduced compounds 1.64-1.68 (scheme 1.10). 
I RI 
~~R2 
nBu R3 
1.59 RI, R2= H, R3= C02Me 
1.60 RI, R3= C02Me, R2=H 
1.61 RI, R2 = CN, R3 = C02Et 
1.62 RI, R2= H, R3= Ts 
1.63 RI, R2= H, R3= COMe 
BU3SnH 
or 
TIMSS 
AIBN 
Benzene 
Reflux 
24 h 
80-90% 
• RI 
~~R2 
nBu R3 
1.64-1.68 
Scheme 1.10: Attempted radical cyclisation of enamines. 
Slow addition techniques were not applied because they considered this would be impractical 
in automated parallel synthesis. Berteina and Mesmaeker decided to try catalytic organotin 
conditions to avoid reduction of the intermediate radical. They submitted the enamine 1.69 to 
these radical conditions and obtained the cyclised product in relatively low yield (15%). 
However, the reduced compound was still the major product at the end of the reaction 
(scheme 1.11). 
°2C(C6H4)pOMe °2C(C6H4)pOMe 
°2C(C6H4)pOMe 
BU3SnCl 
NaBH~ 
• AIBN + I 
N~C02Me BenzenefBuOH 
C02Me 
Reflux ~C02Me I I 
Au Bu 60h Bu 
1.69 1.70 (42%) 1.71 (15%) 
Scheme 1.11: Catalytic BU3SnCI radical method 
The authors proposed that strong delocalisation (push-pull) of the nitrogen atom through the 
C=C double bond carrying the EWG may be the cause of the lack of cyclisation. The reaction 
rate may be negatively impacted because the conjugation is disrupted in the cyclisation 
to 
transition state. Berteina and Mesmaeker synthesised two synthons 1.72 and 1.73 with 
decreased push-pull effect. They proposed that the amide group would reduce the electron 
withdrawal from the double bond. The enamine 1.72 gave the 5-exo cyclised product 1.74 in 
36% yield (scheme 1.12). They also isolated the reduced product 1.75 at the end of the 
reaction. 
I 0 
~~O 
Bu 
1.72 
Benzene 
Reflux 
24h 
o 
~~O 
Bu 
1.75 (53%) 
I 
Bu 
°2C(C6H4)pOMe 
1.74 (36%) 
Scheme 1.12: Radical cyclisation of precursors 1.72 containing with reduced EWG 
effects. 
With the enamine 1.73, Berteina and Mesmaeker substituted the N-Bu protecting group for a 
phenyl group. If the phenyl group was used as they proposed, it would decrease the 
delocalisation through the C=C double bond. After submitting the synthon 1.73 to radical 
cyclisation conditions they isolated the 5-exo cyclised product 1.76 (15%), the reduced 
product 1.77 (8%) and the 6-endo cyclised product 1.78 (scheme 1.13). However, they also 
isolated the cyclised product 1.79 (27%) which results from cyclisation onto the N-phenyl 
ring. 
11 
°2C(C6H4)pOMe C02Me 
C02Me 
N 
BU3SnH I 
AmN 1.76 (15%) Ph I • 1.78 (2%) Benzene 
N~C02Me Reflux °2C(C6H4)pOMe 24h 
I 
Ph MeOp(C6H4)C02 
1.73 
N~C02Me 
~h 
1.77 (8%) 1.79 (27%) 
Scheme 1.13: Radical cyclisation of the enamine 1.73. 
The best results were achieved by Berteina and Mesmaeker when they synthesised the 
enamine 1.80. This enamine has been shown to undergo 5-exo cyclisation by Cominsl .9 This 
time under standard radical conditions the major product was the cyclic system 1.81 (scheme 
1.14). The reduced product 1.82 was still seen in the reaction mixture however, the yield was 
significantly lowered. The researchers proposed that this increase in cyclisation yield was due 
to the nitrogen atom within the 6-membered ring being non-planar. 
() j'I 
N 
1.80 
Benzene 
Reflux 
24h 
• 
U[(6? 
N 
o 
1.82 (23%) 
Scheme 1.14: Radical cyclisation of the enamine 1.80. 
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Berteina and Mesmaeker also carried out palladium mediated cyclisations and obtained more 
promising results. When the enamine 1.83 was submitted to standard palladium conditions the 
6-endo cyclic product 1.84 was obtained which was further oxidised to give the cyclic product 
1.85 (47%). They were able to further increase the yield by altering the conditions (scheme 
1.15), as well as increasing the cyclisation yield the rate of oxidation was increased by 
bubbling oxygen through the reaction. 
Ts 
K2C03,DMF N 
100°C, 15 h, Bn' 
1.83 
then O2 0 
95% 1.85 
1.84 
Scheme 1.15: Palladium mediated cycIisation of the enamine 1.83. 
The standard conditions [Pd(OAc)2, PPh3, Bu4NCI, K2C03, DMF] were applied to the 
enamines 1.63, 1.72, 1.86, 1.87 (scheme 1.16) which gave the 6-endo cyclised products 1.88-
1.91 in good yield. 
Berteina and Mesmaeker concluded that the enamines 1.59-1.63 adopt an unfavourable 
conformation for 5-exo cyclisations. However, 6-endo cyclisations can take place. For the 
palladium reactions this is fine but for the radical reactions the intermediate radical is reduced 
before the 6-endo cyclisation can occur. For the starting materials with reduced push-pull 
effects 5-exo cyclisation does occur using both palladium and radical chemistry. 
In a further paper Berteina, Wendebom and Mesmaeker applied the conditions developed in 
the previous paper to polystyrene bound orlho-iodobenzyl enaminesl .5 The palladium 
conditions were successfully applied to most of the precursors screened. The radical 
cyclisations were successfully applied to vinyl ethers on solid supports. They also managed to 
extend the radical cyclisations to ortho-iodobenzyl anilides. From this research Berteina, 
13 
Wendebom and Mesmaeker were able to conclude that they could efficiently cyclise enol 
ethers and enamines by radical methodology and palladium catalysis. 
OMe 
1.63 
Pd(O) 
1.88 (95%) 
1.72 Pd(O) 
• 
1.89 (30%) 
C((~~ __ P_d(.:....O.:....) -_. MMe V1nN'Me 
1.86 o 1.90 (52%) 
Pd(O) 
C02Me .~ V1nN .... Et 
o 1.91 (74%) 1.87 
Scheme 1.16: Palladium mediated cyclisations of the enamines 1.63, 1.72, 1.86 and 1.87. 
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1.2 Vinyl Radicals in Intramolecular Cyclisations 
Since their introduction in 1982 vinyl radicals have been of notable interest to researchers1.10 
Prior to the discovery of vinyl radicals, interest in alkyl radicals was limited. Although there 
has been considerable interest in the mechanistic side of alkyl radicals, they had seen 
infrequent use in synthesis. I .IO This is likely to be due to the loss of functionality upon 
cyclisation. With vinyl radicals researchers are able to predict where the double bond would 
be situated upon cyclisation. Vinyl radicals are also easy to prepare from the vinyl halide 
which in turn can be readily prepared via various methodologies including introduction of a 
substituent already containing the vinyl halide;l.Io the Corey reductive halogenation of ethynyl 
carbinols;l.n addition of hydrogen bromide to terminal acetylenes.l.u 
1.2.1 Structure of Vinyl Radicals 
Unlike alkyl and aryl radicals little research has been carried out in determining the structure 
of vinylic radicals. In 1996, Galli et al. carried out studies in this areal .13 It has been 
considered that vinyl halides share many reactive features with aryl halides. This is also true 
for substitution reactions. Intermediate aryl and vinyl radicals are present in nucleophilic 
substitution reactions of aryl and vinyl halides respectively. Galli and coworkers found that 
the structure of the vinyl halides is strongly linked to the occurrence ofvinylic SRNl reactions. 
With respect to the structure of the vinylic radicals the researchers studied the geometries of 
closely related structures. Vinyl anions 1.92 are bent and configurationally stable; whereas 
vinyl cations are said to be linear 1.93 or bridged 1.94 (figure 1.2). 
~ )+ + R ~ 
1.92 1.93 1.94 
Sp2 bent sp linear or bridged 
vinyl anion vinyl cation 
Figure 1.2: Geometry of vinyl anions and cations. 
Galli and coworkers proposed that the intennediate geometry of these two structures is 
conceivable in determining the geometry of vinylic radicals. Using ESR investigation a 
clearer picture of the geometry was drawn. A bent geometry which rapidly inverts through a 
linear transition state is said to be the most likely geometry (figure 1.3). However, further 
ESR studies show that the geometry is dependent on the substituent. For phenyl groups the 
radical appears to be linear, whereas for Br and Cl substituents there is evidence for the 
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radical adopting a bent stable geometry (i.e. one which does not invert). GaIli and coworkers 
predicted that the geometry of the vinylic radical would affect the configuration of any 
products. If the radical adopts a bridged or configurationally stable bent radical structure then 
retention of stereochemistry would be expected in any products. Alternatively, if the radical 
adopts the proposed linear or rapidly inverting bent configuration then a mixture of 
stereochemistries would be expected. For linear configurations the ratio of the mixture of 
products would depend on the ft-substituent, whereas for radicals with a bent geometry the 
ratio of products should depend on the relative rates of inversion and radical trapping. 
1.95 
sp linear radical 
~\, / 'j=#-">" 'H'" . . -.. -----. - ~. . 
Sp2 bent equilibrating radicals 
Figure 1.3: Proposed geometries of vinyl radicals 
In order to carry out their investigation Galli et al. chose the configurationally pure isomers 
1.96 and 1.97 (figure 1.4)1.14 
Ph Br 
ArPh 
Z- isomer 
1.96 
Ph Ph 
J=<Br 
E-isomer 
1.97 
Figure 1.4: Geometric isomers 
The researchers carried out hydrodehalogenation radical reactions using tributyltin hydride 
mediated conditions. Both the E- and Z- isomers 1.98 and 1.99 where submitted to the 
reaction conditions. The radical species 1.100 gave the products 1.111 and 1.112 in a 55:45 
(E:Z) ratio (scheme 1.17). The racemisation immediately discounts the stable bent and 
bridged geometries for such vinyl radicals. 
16 
Ph Br BU3SnH, 
\d AmN. 
f\ benzene, 
An Ph reflux 
1.98 
Ph 
FC(Ph) 
An 
1.100 
! 
BU3SnH, 
• AmN 
benzene, 
reflux 
Ph H Ph Ph 
)=<Ph ArH 
1.111 1.112 
E:Z =55:45 
Ph Ph 
>=< An Br 
1.99 
Scheme 1.17: Racemisation of the isomers 1.98 and 1.99. 
Further reactions carried out included the tributyltin-radical hydrodehalogenation of the 
structures 1.113 and 1.114 (scheme 1.18). They found that these structures gave almost equal 
ratios of the E and Z isomer 1.116 and 1.117 as for the previous reaction. This is further proof 
that the vinylic radical adopts either a sp linear or rapidly inverting bent configuration. 
An Br BU3SnH, 
\d AmN. 
/\ benzene, 
PH An reflux 
1.113 
An 
FC(An) 
PH 
1.115 
! 
BU3SnH, Ph Cl 
• AmN \d 
benzene, /\ 
reflux An An 
1.114 
An HAn An 
p0An prH 
1.116 1.117 
E:Z = 55:45 
Scheme 1.18: Loss of configuration upon formation ofvinylic radical 1.115. 
In 2003, Galli and Rappoport carried out further investigations into the geometry of vinylic 
radicals.I.13 They found that the radical adopted varying geometries depending on the 
substituents. For a-arylvinyl radicals the most likely geometry is that of sp linear. Galli and 
Rappoport state that "the ratio of captured products from either a statically linear or fast 
equilibrating (i.e., average linear) Sp2 radical intermediate, is determined by the relative steric 
environment of the two sides of the vinylic species".I.13 When the two sides of the C=C bond 
are sterically equivalent an almost 1:1 ratio of products is seen. This is true of the reactions in 
schemes 1.17 and 1.18. However, in vinylic radical species such as 1.119 the stereo electronic 
effects are different since the approaches to the radical from the two sides of the SOMa are 
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unequal. The mesitylvinyl radical 1.119 was calculated to have a linear geometry, with the 
SOMO in the plane orthogonal to the lr-system of the C=C bond. The two ft-substituents are 
not in same plane for steric reasons, the ft-phenyl ring is almost completely conjugated with 
the C=C double bond, whereas the ft-mesityl ring is perpendicular. For this reason the in-
plane H-atom attack is most likely to occur from the ft-mesityl side as it is less sterically 
hindered. The reduction of the radical 1.119 gave a >9: 1 (E:Z) ratio of 1.120 to 1.121 
supporting the latter theory (scheme 1.19). This suggests that although a-arylvinylic radical 
adopts a linear geometry the product outcome can be controlled by the substituent placing. 
This inversion of configuration can be useful in synthesis. 
Mes Mes BU3SnH Mes • MesKH 
'=l AIBN. ~-Mes ---~_ I \ benzene ;-
PH Br reflux PH PH Mes 
1.118 1.119 1.120 
B",~ .• \~HS"B"' \~ 
0) -cr~ 
hindered in-plane 
attack 
Scheme 1.19: Inversion of configuration using a hindered approach 
Galli and Rappoprt also investigated the effect of altering the o.-substituent.1.13 For lr-type a-
substituents (CHO, CH=CH2, CN etc) the vinylic radicals is thought to adopt a linear 
geometry. However, for the a-type a-substituents (Me, SH, Cl, OH and F) the bent 
configuration was found to have the lowest energy. The researchers found that as the 
electronegativity of the a-type a-substituents increased the inversion barrier increased. For 
the least electronegative a-type cr-substituents the bent radical will rapidly invert. Whereas, 
for the high inversion barriers the bent configuration is stable. This is seen in scheme 1.20 
when the bromide 1.122 was submitted to tributyltin-radical hydrodehalogenation conditions. 
The reduction product which was observed retained the configuration of the bromide 1.122. 
This shows that vinyl radicals with bent configurations can also be controlled with 
appropriate substituents. 
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Ph F 
>=< H Br 
1.122 
Ph F 
H~ 
1.123 
Ph F 
--- >=< H H 
1.124 
Scheme 1.20: Retention of configuration using electronegative substituents. 
In summary vinylic radicals do not adopt one specific geometry. The geometry is dependent 
upon the the a- and p-substituents. Generally, arylvinyl and 1l"-type a-substituted vinyl radicals 
adopt a linear conformation and lead to loss of configuration in the product. However, using 
electronically different substituents (i.e. in 1.118) the configuration of the product can be 
controlled. Vinyl radicals which have cr-substituents adopt a bent configuration. Depending on 
the degree of electronegativity of the substituent the configuration of the product can be 
controlled. Low e1ectronegativity substituents have a low inversion barrier and therefore, the 
radical will rapidly invert resulting in loss of configuration. Highly electronegative 
substituents have a high inversion barrier and therefore the radical in configurationally stable 
in the bent geometry leading to retention of configuration in the product. 
1.2.2 Reactivity of Vinyl Radicals 
In Stork and Baines' original paper regarding vinyl radicals they report that vinyl radicals are 
less stable than alkyl radicals.l.l0 This instability was cause for concern as it was thought that 
the rate of hydrogen abstraction to form the reduced product may be increased in cyclisation 
of vinyl radicals. This in turn would lead to a reduction in the amount of cyclised product seen 
at the end of the reaction. In fact when the malonic ester 1.125 was submitted to standard 
radical cyclisation conditions a mixture of the 5-exo and 6-endo products 1.126 and 1.127 
were seen (scheme 1.21). The mixture of products that was observed led to considerable 
interest and research into the mechanistic pathway of these types of reactions. 
y BU3SnH ·Cl ~ AIBN UV Reflux Me02C C02Me Me02C C02Me Me02C C02Me Benzene 
1.125 3-4 h 1.126 1.127 
Scheme 1.21: Cyclisation ofthe vinyl bromide 1.125 reSUlting in 
5-exo and 6-enclo products 1.126 and 1.127. 
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In 1986 Beckwith and O'Shea investigated the cyclisation of the vinyl bromide 1.128 in order 
to establish the control of the radical cyclisation reaction of such structures. us They wanted 
to investigate the claim that the formation of the larger ring is neither kinetic nor 
thermodynamic. us Beckwith and O'Shea proposed that increasing the concentration of 
tributyltin hydride in the reaction should lead to an increase in the amount of reduced product 
should been seen. They found this to be true; however, they also found an increase in the ratio 
of the exo- and endo- products 1.133 and 1.136. This result suggested that the radical species 
1.135 does not form directly from the vinyl radical 1.129. Instead rearrangement of the radical 
species 1.131 led to the radical 1.134 followed by rearrangement to the radical 1.135 (scheme 
1.22). 
LJ 
1.128 
[) 
1.133 
V 
1.130 
~.136 
/B"S"H 
'''0 _.l)' 
1.134 1.135 
Scheme 1.22: Rearrangement of the exo radical species 1.131 to form the endo product 
1.136. 
In order to further support this mechanism the bromide 1.128 was submitted to the radical 
conditions. A mixture of both the exo and endo products 1.133 and 1.136 were seen. This 
further supports the rearrangement pathway. From this work it can be concluded that the exo 
product is the kinetic product. Therefore, increasing the concentration of the tin present in the 
reaction should favour the formation of the 5-exo cyclic product as the methylenecyclopentyl 
radical will be trapped by a H-donor before the radical can rearrange to the 
methylenecyclohexenyl radical. In a paper published by Stork and Mook in the same year 
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they provide a more in depth look at this rearrangementl •16 They were able to prove the 
increase in the methylenecyclopentyl radical as the concentration of H-donor was increased. 
In a reaction of the malonic ester 1.137 with 0.02 M solution ofBu3SnH a ratio of3:1 of the 
exo and endo cyclic products 1.138 and 1.139 was observed (scheme 1.23). When the BU3SnH 
concentration was increased to a 1.7 M solution the ratio ofl.138:1.139 became> 97: 1. They 
also noted that even in neat BU3SnH the reaction gave largely the exo-cyclised product and not 
the reduction product 1.140 of the vinyl radical. Beckwith and O'Shea carried out further 
studies at low temperature to see how this would affect the reaction.1.15 They found that at low 
temperature the endo product was nearly undetectable. This discovery was useful as it allows 
the researchers to have a certain degree of control over the outcome. In order to minimise the 
formation of the endo-cyclic product there are two steps which can be taken: the 
concentration of the tributyltin hydride can be increased and the temperature reduced. 
y 
Me02C C02Me 
1.137 
B~S'H. M ~ V 
Meo2Xo2Me Me02C COzMe MeOzC COzMe 
1.138 1.139 1.140 
Scheme 1.23: Stork and Mook's investigation into varying concentration of the H-donor 
on ring size. 
In 1996 Crich, Hwang and Liu reported research in which they addressed the problem of high 
tributyltin hydride concentrations leading to increased quantities of the reduced prodUCt.1.17 
Previously, the rearrangement of nucleophilic alkyl radicals had been prevented by the 
addition of catalytic diphenyldiselenide (PhSeSePh).1.18 In these polarity reversal catalysis of 
radical chain reactions the PhSeSePh is reduced in situ to phenylse1enol; the effect of this on 
the reduction of the alkyl radical can be understood when viewing the propagation stages of 
the reaction which can be seen in scheme 1.24. When these reverse polarity catalysis 
conditions were applied to aryl radicals the researchers found they had little effect. They 
proposed that an unfavourable polarisation of the transition state for the H-abstraction by the 
aryl radical from the selenol was preventing the reaction from being successful. 
BU3SnH + PhSeSePh • BU3SnSePh + PhSeH step 1 
BU3Sn·+ RX .. BU3SnX + R· step 2 
R· + PhSeH .. RH + PhSe· step 3 
PhSe· + BU3SnH .. BU3Sn· + PhSeH step 4 
Scheme 1.24: Effect of the introduction of PhSeSePh to radical propagation. 
21 
Crich and co-workers believed that they could use catalytic PhSeSePh in the presence of high 
concentrations of tributyltin hydride for vinyl radicals; without the formation of either the 
reduced produced or the endo-cyclic product1 .17 The researchers chose known vinyl radical 
cyclisations from the literature on which to test their methodology. When they carried out 
their preliminary reactions using the bromide 1.137 they found that it had no effect. They 
proposed this was because the cleavage of the PhSeSePhH by Bu3SnH takes place more 
readily than the cleavage of the C-Br bond. In other words the BU3SnH was consuming the 
PhSeH more rapidly than the substrate radical species. Therefore, vinyl iodides were 
employed as the C-I bond is cleaved more readily than the C-Br bond. In these instances the 
catalytic process was able to continue until all the substrate was consumed. The results from 
Crich and coworkers research are shown in table 1.1. 
Entry Substrate [BuJSnH) [PhSeSePh) Reduced S-exo ·6-enclo (M) (M) Product 
I 1.137 
2 1.141 
3 1.141 
4 1.141 
5 1.141 
6 1.141 
7 1.141 
8 1.141 
9 1.145 
10 1.146 
11 1.146 
12 1.146 
13 1.146 
V Et02C C02Et 
1.141, X = I 
1.142, X=H 
2.2 x 10.2 0 1.140 1.138 1.139 
4.8 x 10-3 0 1.142 1.143 1.144 
1.2 x 10.2 0 1.142 1.143 1.144 
l.2 x 10.1 0 1.142 1.143 1.144 
4.9 x 10.1 0 1.142 1.143 1.144 
4.8 x 10.3 4 X 10-4 1.142 1.143 1.144 
l.2 x 10.2 I X 10-3 1.142 1.143 1.144 
l.2 x 10.1 l.8 X 10.2 1.142 1.143 1.144 
4.6 x 10.2 0 1.147 1.148 1.149 
4.8 x 10.3 0 1.147 1.148 1.149 
l.2 x 10.2 0 1.147 1.148 1.149 
l.2 x 10.2 I X 10-3 1.147 1.148 1.149 
1.2 x 10.2 2 X 10.3 1.147 1.148 1.149 
E.OXE. EXE:;~ ~L 
1.143 1.144 1.145, X = Br 1.148 
1.146, X = I 
1.147, X = H 
Table 1.1: Effect of Ph SeSe Ph on literature reactions. 
Ratio 
exo:endo 
3:1 
25:75 
55:45 
87:13 
>95:5 
>95:5 
>95:5 
>95:5 
28:56 
20:80 
20:80 
55:45 
85:15 
l) 
I 
S02Ph 
1.149 
The effects of altering the tributyltin hydride concentration without the presence of the 
PhSeSePh can be seen in entries 1-5. The concentration of tributyltin hydide is increased in 
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entries 2-5 with the expected outcome. The ratio of 5-exoI6-endo products increases in favour 
of the 5-exo cyclic product 1.143. For entries 2 and 3 the reduced product is negligible. 
However, when the concentration of the tributyltin hydride is increase to 4.9 x \0-1 M the 
reduced product is seen in more significant quantities. Entries 6 and 7 show a positive effect 
when PhSeSePh is added to the reactions. Not only does the PhSeH prevent the formation of 
the reduced product but it also suppresses the formation of the 6-endo product 1.144. At 
higher quantities of PhSeSePh (~1.8 x \0-2) the competing reduction reaction becomes 
significant again. Crich and coworkers have shown that at catalytic quantities PhSeSePh has a 
positive effect on the exolendo product ratio without formation of the reduction product. 
Already mentioned is the lack of success when the PhSeSePh is added to vinyl bromides. This 
is due to the PhSeH being cleaved more readily than the C-Br bond of the vinyl bromide. In 
1999, Crich et al. addressed this problem by investigating alternative selenols which were less 
likely to be cleaved by the tributyltin species.t .t9 Using the hindered selenol 1.153 Crich and 
coworkers were able to increase the ratio of 5-exoI6-endo products in favour of the 5-exo 
product for two different vinyl bromides (scheme 1.25). 
lBy 
BU3SnH V l) AllN • 80°C N 
I 
S02Ph 
I 
S02Ph S02Ph 
1.150 1.151 1.152 
BU3SnH alone exo:endo 1.8:1 
BU3SnH +1.153 exo:endo3:! 
y BU3SnH Si~ AIBN • 80°C Et02C C02Et Et02C C02Et Et02C C02Et 
1.154 1.156 1.157 
BU3SnH alone exo:endo 1.8:1 
BU3SnH +1.153 exo:endo 3:! 
1.153 = [2,4,6-tri-tBuC6H2Seh 
Scheme 1.25: Effective selenol for use with vinyl halides 
In summary, the cyclisations of vinyl bromides can lead to three different products. These are 
the acyclic structures, products of direct reduction of the vinyl radicals; the 5-exo cyclic 
product and the 6-endo cyclic product which is the result of rearrangement of the 
methylenecyclopentyl radical rather than direct formation. The formation of the former and 
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latter products may be suppressed by various methods including introduction of catalytic 
selenols. 
We have already discussed work carried out by Stork and Baine in 1982 .. ·tO However, they 
also report the cyclisation of the isomeric structures 1.158 and 1.159. The product from these 
reactions is the 6-endo-trig cyclohexane 1.160 (scheme 1.26). No 5-exo cyclic product is 
observed at the end of these reactions. Stork and Baine offer no explanation as to why only 
the 6-endo product is observed. l .tO 
Br 
Br ~ 
Scheme 1.26: 6-endo cyclisation of the isomers 1.158 and 1.159. 
In 2002, Gomez et al. undertook research to discover whether the cyclisation of 5-alky I 
substituted radicals (i.e. 1.161) occurs via a direct 6-endo-trig pathway or through the 
rearrangement pathway intermediates in the formation of 6-memebered rings (scheme 
1.27)l.20 
tr BU3Sn. tr • )j' • 
1.160 1.161 BU3SnH 1.162~ 
j ~ U R • BU3SnH ~R "YjR 1.163 
• 
1.166 1.165 1.164 
Scheme 1.27: Two proposed pathways to gain the 6-emlo-trig product 1.166. 
The researchers submitted the bromide 1.167 and alkyne 1.171 to standard tributyltin-
mediated radical cyclisation conditions (scheme 1.28). Alongside the results Gomez and 
24 
coworkers obtained, they presented results from the literature for a comparison. The 
cyclisations of the alkyne 1.172 was reported by Stork and Mook,I.16 the results of which can 
be seen alongside those reported by Gomez and coworkers in table 1.2. 
1.168 1.169 1.170 
1.168 1.169 1.170 
\r E E IV .. E E 
1.172 1.173 1.174 1.175 
E=C02Me 
Scheme 1.28: CycIisations ofthe precursors 1.167,1.171 and 1.172. 
Entry Precursor [BuJSnH] Product ratio Reduced Product {Cone. M} M 5-exoI6-endo {% Iield} 
1 1.172 (0.02) 0.02 20:80 
2 1.171 (0.02) 0.02 0:100 
3 1.167 (0.02) 0.02 0:100 
4 1.172 (0.3) 0.25 80:20 
5 1.171 (0.25) 0.5 16:84 
6 1.167 (0.3) 0.25 15:85 
7 1.172 (0.7) 0.6 95:5 
8 1.171 (0.5) 0.75 19:81 
9 1.167 (0.5) 0.75 28:72 14 
10 1.172 (1.9) 2.2 100:0 
11 1.171 (1.9) 2.2 30:70 21 
12 1.167 (1.9) 2.3 38:62 13 
Table 1.2 
Entries 1-3 show the results from the cyclisation of the precursors 1.167, 1.171 and 1.172 
with 0.02 M BUJSnH. The literature precursor 1.172 gave a 20:80 ratio of 5-exo:6-endo-trig 
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products. With the precursors 1.167 and 1.171 none of the 5-exo product 1.168 was seen. 
Increasing the concentration of tributyltin hydride lead to a reversal of the major product for 
the precursor 1.172. Whereas, with the precursors 1.167 and 1.171 the major product 
remained the same although an increase in the 5-exo product was observed. Gomez and 
coworkers' results show that for the 5-alkyl substituted precursors 1.167 and 1.171 the 6-endo 
cyclic products are predominant at all tributyltin hydride concentrations. The hydrogen 
substituted analogue 1.172 had already been shown to preferentially cyclise to give 5-exo 
product at most concentrations. From these results the researchers proposed that two pathways 
for the formation of the dominant 6-endo products. The first route is the direct formation of 
methylenecyclohexyl radical 1.165 from the cyclisation of the vinyl radical; the second route 
is the 3-exo cyclisation of the radical 1.162, this would result in the 6-endo product if the 
substituted radical cyclises significantly faster than the unsubstituted one. In order to 
determine which pathway was more plausible the iodide 1.176 was submitted to tributyltin-
radical conditions (scheme 1.29). 
I 
Scheme 1.29: Reduction of the iodide 1.176 without rearrangement to the 6-endo 
product. 
The cyclopentane 1.177 was the only product from the reaction. This suggests that the 3-exo 
cyclisation does not take place in these methyl substituted analogues. Therefore, the 
conclusion was drawn that for 5-alkyl substituted vinyl halides cyclisation occurs via a 6-
endo-trig pathway. 
1.2.3 Vinyl Radicals in Synthesis 
So far we have discussed the structure and reactivity of vinyl radicals. We now present 
examples in which they have been applied to synthesis in the literature. Padwa et al. have 
utilised vinyl radicals in the synthesis of the aspidosperma indole alkaloid family, namely 
aspidospermidine 1.178 and spegazzinidine 1.179.1.21-1.23 These naturally occurring products 
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are reported to have interesting biological activity. The ABCE ring is the core to these 
alkaloids (figure 1.5). 
Aspidospermidine 
1.178 
HO 
Figure 1.5. 
N 
I 
OH Ac OH 
Spegazzinidine 
1.179 
Padwa et al. have previously reported the synthesis of the tetracyclic core.1.24 This was 
obtained by an intramolecular Die1s Alder reaction of an amido-substituted furan ring. In 
order to synthesise the alkaloids the final D-ring had to be assembled. Using vinyl radical 
chemistry and a simplified structure the researchers attempted to construct the final ringl.21 
Padwa and coworkers carried out a series of test reactions on the bicyclic lactam 1.180. In 
order to obtain suitable radical precursors selective bromination of the precursor 1.180 was 
carried out to give the vinyl bromide 1.181. When the precursor 1.181 was submitted to 
radical cyc1isation conditions they found varying mixtures of the 5-exo and the 6-endo 
products 1.184 and 1.187 (scheme 1.30). This was expected as the reactivity of vinyl radical is 
known as previously discussed in section 1.2.2. 
!-7~ BU3SnH. !-7~ . 
-O--R AIBN -0. ---
C1.180R=H Br2 1.181 R = Br 
o 
BU3SnH 
o 
o 
I'·'" 
.B"'S"H~. 
j 1.183~ 
_. __ ~ N 
1.187 1.186 1.185 
Scheme 1.30: Radical cyclisation of the vinyl bromide 1.181. 
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The researchers found that slow addition techniques were the optimum conditions which 
produced the 6-endo-trig structure 1.187 (89"/0) as the major product. In order to verify the 
pathway the reaction follows the radicals reaction was carried out using a higher Bu3SnH 
concentration (0.1 M). The amount of the 5-exo product 1.184 obtained was significantly 
increased. This suggested that a rearrangement pathway was responsible, to a considerable 
extent, for the formation of the 6-endo product. Padwa and coworkers extended their research 
to include the N-butenyl hexahydroindoline 1.188. When the precursor 1.188 was submitted 
to radical cyclisation conditions they found a ratio 7:2 6-exo:7-endo products 1.89 and 1.90 
(scheme 1.31). 
1.188,R =H 
1.191,R =Br 
o 
BU3SnH 
AmN· + 
PhH 
80°C 
12 h 
1.189 (71%) 
1.192 (18%) 
o 
1.190 (21%) 
1.193 (72%) 
Scheme 1.31: Radical cyclisation of the vinyl bromide 1.188 and 1.191 
However, an interesting reaction was observed when the analogue 1.191 was submitted to the 
radical cyclisation conditions. The ratio of 6-exo:7-endo inverted and the 7-endo product 
1.193 prevailed. It appears that the 6-exo cyclisation is hindered by the presence of the 3-
bromo-substituent and therefore, the 7-endo pathway is dominant. Padwa and coworkers 
suggest that their findings have allowed then to develop an efficient synthesis of the D-ring of 
the aspidospermidine 1.175 backbone.I .22 
More recently, Quirante et al. have reported the synthesis of functionalised trans-
decahydroisoquinolines using vinyl radicals.l.2S These such structures are contained within 
yohimbine 1.192/.26,1.27 a potent and selective (12 adrenergic receptor antagonist and related 
alkaloid indoles. The researchers' initial aims were to assess the regio- and stereoselective 
outcome of reaction of vinyl radicals produced from cyclohexene-tethered 2-
bromopropenylamines (e.g. 1.193). The preparation of the vinyl bromides 1.193, 1.196, 1.199 
and 1.202 were carried out in moderate yields.I .2s The vinyl halides were submitted to radical 
cyclisation conditions (scheme 1.32). 
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R Br 
~~ 
°LJ 
1.193R=Me 
1.196R=Bn 
1.199 R = s-Bu 
AIBN 
benzene 
reflux 
+ 
1.194 R = Me 1.195 R = Me 
1.197 R = Bn 1.198 R = Bn 
1.200 R = s-Bu 1.201 R = s-Bu 
1.202 R = CH2CH2(3-indolyl) 1.203 R = CH2CH2(3-indolyl) 1.204 R = CH2CH2(3-indolyl) 
Scheme 1.32: Radical cyclisation of the vinyl halide 1.193, 1.196, 1.199 and 1.202. 
The major product from each of the four reactions proceeded via a 6-endo pathway to give the 
trans-perhydroisoquinolines 1.194, 1.197, 1.200 and 1.203. These eis-products 1.195, 1.198, 
1.201 and 1.204 were observed using spectroscopic techniques, however, they were never 
isolated. The yields of the 6-endo-trig products 1.194,1.197,1.200 and 1.203 varied from 45-
78%; however, the ratio of trans/eis was similar for all reaction (7: 1). Quirante and co-
workers decided to extend this research to include the more complex vinyl bromide 1.205. 
The vinyl bromide 1.205 was synthesised in moderate yield. \.25 The vinyl bromide 1.205 was 
submitted to the radical cycJisation conditions with rather disappointing results (scheme 1.33). 
Scheme 1.33: Cyc1isation ofthe vinyl bromide 1.205 to give 
trans-perhydroisoquinolines 1.206 aud 1.207. 
Although the reaction produced only the trans-product; a 1: 1 mixture of the trans-
perhydroisoquinolines 1.206 and 1.207 were observed. Using this methodology the 
researchers believe yohimban indole alkaloids could be accessed. 
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Bowman et al. have reported the use of vinyl radicals to access iminyl radicals in the 
synthesis of heteroarenes.1.2S-1.31 Early examples presented by Bowman et al. include the 
development of a protocol which can be used in the synthesis of the A-D rings of tetracycIe 
containing structures such as camptothecin 1.208 and mappicine 1.209 (figure 1.6)1.28 
HO 0 
Camptothecin 
1.208 
Figure 1.6 
Me 
.. ,-oH 
E H 
Mappicine 
1.209 
Encouraged by previous literature reports Bowman and coworkers developed their protocol of 
using vinyl radical cyclisation onto nitriles forming iminyl radicals which then undergo 
cyc1isations onto arenes. The vinyl bromide 1.210 was synthesised on which to test this 
methodology.1.28 A range of conditions were screened using hexamethylditin to generate 
Me3Sn· radicals. Initial results showed that the tetracycle 1.214 was obtained in 20% yield 
with retrieval of the vinyl bromide 1.210 in 80% yield (scheme 1.34). 
1.210X=Br 
1.211 X=I 
1.214 
o 
• 
~N\ 
vW ro 
1.212 
j 
o 
i) 6-endo or S-exo and neophyl rearrangement; aromatic homolytic substition 
Scheme 1.34: Utilising vinyl radicals in the formation of iminyl radicals. 
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After further screening and studies, using the vinyl bromide 1.210, with little success, the 
researchers decided to examine the iodo-derivative 1.211. The C-I bond of the vinyl-iodide is 
weaker than the C-Br bond. The vinyl iodide was submitted to the same radical conditions as 
before giving the tetracyc1e 1.214 in higher yield (scheme 1.34). Optimisation resulted in the 
tetracyc1e 1.214 in 73% yield. 
More recently Bowman et al. have utilised the above chemistry in the synthesis of luotonin A 
1.218.1.29 The researchers synthesised the vinyl iodide 1.215 as a radical cascade precursor to 
luotonin A 1.218 (scheme 1.35). 
1.218 
~ 
1.217 
i) 6-endo or 5-exo and neophyl rearrangement; aromatic homolytic substitution 
Scheme 1.35: Synthesis ofluotonin A 1.218 using vinyl radicals. 
Luotonin A 1.218 was obtained in 21% yield. They observed several other products along 
with the target compound. Initial thoughts were that the reduced uncyc1ised compound was 
present at the end of the reaction; however, after further studies the products were revealed to 
be the EIZ isomers of the primary amide 1.219 and 1.220 (figure 1.7). 
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~N~Ph VNAyO 
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1.219 E-isomer 
1.220 Z -isomer 
Figure 1.7 
Bowman and coworkers were able to improve the yield of luotonin A 1.218 by the addition of 
di-tert-butyl peroxide and fewer equivalents of hexamethylditin. The yield of luotonin A 
1.218 was increased (30%) the EIZ isomers 1.219 and 1.200 were also observed (16%) at the 
end of the reaction. The reaction was repeated using lower dilution and the yield ofluotonin A 
1.218 dropped (22%); however, the unwanted EIZ isomers and 1.219 and 1.220 were not 
observed. The researchers could not say whether the lack of the isomers 1.219 and 1.220 was 
due to subtle changes in the reaction conditions or perhaps some other factor. They proposed 
that as all the starting material was consumed in the reaction then it may be possible to 
increase this yield by altering the conditions; however, this was not reported. 
In this section we have provided an insight into vinyl radicals. Their structure and reactivity 
has been discussed in detail. A few examples have been provided in which vinyl radicals have 
been used in synthesis including their use in a cascade reaction in the formation ofluotonin A. 
In the following section the Heck reaction will be presented. 
1.3 The Heck Reaction 
The Heck reaction was first reported in the early 1970's by Moril .3Z and Heck. I.33 The reaction 
is a palladium-catalysed C-C bond forming process that takes place between aryl or vinyl 
halides and an activated alkene in the presence of base. In 1972, Heck reported the 
intermolecular coupling reaction between iodobenzene and styrene (scheme 1.36).1.33 
VI+V 
1.221 1.222 
NMP 
100°C 
2h 1.223 
Scheme 1.36: First reported Heck reaction 
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The Heck reaction has been adopted by many research groups, and therefore has been 
extensively reviewed.1.34 It has been used in the development of new methodo\ogies1.35 and in 
natural product synthesisl .36 The large number of research groups interested in the Heck 
reaction may be attributed to its versatility; palladium is tolerant of a large number of 
functional groups and can be used in highly functionalised and complex systems as it is 
highly chemoselectivel.36 The most recent advances in the Heck reaction revolve around the 
discovery that it can be used to introduce asymmetry into molecules.1.37.1.38 This comes from 
the ability of Heck reactions to form quaternary carbon centres. This will be discussed more 
in due course. 
The Heck reaction like all palladium catalysed cross-coupling reactions follows a general 
mechanistic cycle which is widely known and accepted (scheme 1.37). The cycle proceeds via 
oxidative insertion of the palladium into an organo-halide (R-X) bond, this species 
subsequently inserts into the C=C double bond of the alkene. The new structure is eliminated 
in a syn ft-hydride fashion. Finally the Pd(O) is regenerated by reduction of the L:1PdXH 
species with base. 
base 
::::,... R2 Rl~ syn-
base·HX 
elimination 
Pd(II) 
j 
Pd(O) 
~Pd"'X 
R~R2 
H 
insertion 
Scheme 1.37: Generalised catalytic Heck cycle. 
1.3.1 Intramolecular Heck reactions 
Our interests lie with intramolecular cyclisations and so we will be focusing on such Heck 
reactions. Intramolecular Heck reactions are generally more favourable than intermolecular 
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reactions. This is likely to be due to the difficulty researchers face with respect to control in 
intermolecular reactions; the electronically neutral unsymmetric alkenes give poor regio-
control during the addition/elimination steps. Other favourable properties of intramolecular 
Heck reactions are the range of alkenes which can be utilised; only mono- and disubstituted 
alkene can be used in intermolecular reactions whereas intramolecular can be extended to tri-
and tetrasubstituted alkenes. The intramolecular Heck reaction was first reported in 1977 by 
Mori (scheme 1.38).1.39 The researchers screened various conditions altering the halide, 
temperature, time and mol% of both the PPh3 and base (TMED). The most effective 
conditions were 4 mol% ofPPh3, 2 eq. of base at 125 QC with a reaction time of 4 h. 
C02Me 
etx/ Pd(OAch '-':: PPh3 I .0 TMED • N 5.5 h Ac 125 QC 05
COOMe 
~I~ +~x+() 
:::".. N Vl--NH Vl--NH 
\ I I 
Ac Ac Ac 
1.224 x = I, Br, Cl 1.225 1.226 1.227 
Scheme 1.38: First reported Intramolecular Heck reaction 
Generally aryl iodides are found to be more effective when it comes to oxidative insertion, 
however, for these reactions the aryl bromide was found to be the most efficient precursor, 
giving the cyc1ised product 1.225 in 43% yield. The aryl chloride failed to cyc1ise yielding 
starting material and the dealkylated product. Mori notes that when a 2: 1 ratio ofbase:starting 
material is exceeded then the no cyclised product was isolated from the reaction and when 
DMF is used as solvent the dealkylated product is not seen. Since the initial work carried out 
by Mori there have been a large number ofliterature reports on intramolecular Heck reactions. 
We will be concentrating on the reports of intramolecular of vinyl halides and aryl halides as 
these areas have the most relevance. 
Intramolecular Heck reactions carried out using vinyl halides are not as common as their aryl 
counterparts. The following examples are taken from a review by Zeni and Larock in which 
they outline intramolecular Heck reactions in the formation ofheterocycles.1.4o In 1983, Shi et 
al. presented relatively simple examples of intramolecular Heck cyc1isations of vinyl 
halides1 .41 Using vinyl bromides 1.228 and 1.231 5- and 6-membered ring structures were 
synthesised (scheme 1.39). For the vinyl bromide 1.228 the 5-exo-trig oxygen heterocycle 
1.229 was the major product. For the vinyl bromide 1.231 the ratio of 5-exo-trig to 6-endo-trig 
products depends on the N-substituent. The H- and methyl-substituted amines 1.231 cyclised 
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to give predominately the 5-exo-trig N-containing heterocycle 1.232. Whereas, the N-acetyl 
structure gave 5-exo-trig and 6-endo-trig cyclic products 1.232 and 1.233 in a 1: 1 ratio. 
L:ry 0 Pd(OAc)iP(Tolh oC(O uO + • + 0 100°C, 4 h 
H 
1.228 1.229 (44%) 1.230 (19%) 
L:ry + 0 Pd(OAc)zfP(Tolh RNC(O+ RN0'O • 100°C, 4 h N 
R H 
1.231 R = H: 1.232 (15%), 1.233 (4%) R = CH3: 1.232 (33%),1.233 (11%) 
R = CH3CO: 1.232 (38%), 1.233 (38%) 
Scheme 1.39: Intramolecular Heck cyclisation of the vinyl bromides 1.228 and 1.229. 
The mechanism by which these structures are formed is not conventional as the reaction is 
capped by piperidine rather than the usual jJ-hydride syn-elimination. More recently, Ahn and 
co-workers reported the capping of intramolecular Heck reactions using boronic acids.1.42 It is 
believed that the protecting group suppresses jJ-hydride elimination by stabilisation of the 
intramolecular alkylpalladium species 1.236 (scheme 1.40). 
L:ry 
N 
I 
Ts 
1.234 
• Na2C03, 
THFIH20, 80°C 
49-92% 
~PdB<L 
N,S : 
-0 
p-MePI( b 
1.236 
tsAr 
N 
I 
Ts 
1.235 
Scheme 1.40: CycIisations followed by capping with boronic acids, showing intermediate 
palladium species 1.236. 
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For vinyl radicals there are several examples which exist in the literature in which the 
intramolecular Heck cyclisations proceed via both 5-exo and 6-endo pathwaysl.41,1.43,1.44 As 
for vinyl radicals, formation of one pathway may be suppressed by altering conditions. In the 
above reactions by Shi altering the protecting group on the nitrogen lead to varying product 
ratios.1.41 In a similar manner when the vinyl substituent was altered in the diene 1.237 two 
different products were obtained.1•43 When the substituent was a methyl group the cyclisation 
followed a 5-exo-dig pathway. For the hydrogen-substituted species the 6-endo-dig structure 
was observed 1.241 (scheme 1.41). 
• R=Me 
1.237 
1.238 1.239 
1.240 1.241 
i) Pd(PPh3)4, Ag2C03, MeCN, reflux, 72 h, 62% 
ii) Pd(PPh3)4IPPh3, AgN03, MeCN, K2C03, reflux, 72 h, 52% 
Scheme 1.41: The 5-exo-dig and 6-emlo-dig cyclisation pathway of the vinyl bromide 
1.237. 
In this latter example carried out by Meyer it is also worth noting that these reactions are part 
of a cascade-type reaction. The aforementioned 5-exo and 6-endo cyclisations are preceded by 
a 6-exo-dig cyclisation which cyclises via a 5-exo-trig pathway to give the alkyl palladium 
species 1.238 and 1.240. In 1996, Lemarie-Audoire carried out intramolecular Heck reactions 
using an aqueous reaction medium.1.44 Using these conditions both the 5-exo and 6-endo 
cyclisation products 1.243 and 1.244 were observed with the latter dominating (scheme 1.42). 
When the conditions were altered to using an anhydrous medium only the 5-exo products 
were observed. 
36 
V ~rf ii • (f v • + N N 
~ ~ ~ ~ 
1.243 1.242 1.244 1.243 
65:35 
i) Pd(OAc)iPPh3, Ag2C03, MeCN, (i-PrhNEt, 80°C, 20 h, 77% 
ii) PdCI2/TPPTS, K2C03, DMFIH20, 70°C, 14 h, 91 % 
Scheme 1.42: Formation of 5-exo-trig and 6-emJo-trig cyclic products 1.243 and 1.244 
using anhydrous and aqueous conditions. 
In the above examples, more than one product can be observed. For the dibromoalkenes 1.245 
only one product was observed for each substituentl .45 These tandem reactions proceed via a 
6-exo-trig pathway to give the bicyclic products 1.246 and 1.247, the 7-endo cyclic product 
was not observed (scheme 1.43). The phenyl-substituted triene 1.245 required different 
reaction conditions for the cyclisation to occur and the yield was significantly lower. This is a 
good example in which palladium conditions have proved to be difficult. The only difference 
between the two structures is the R-group yet the conditions which successfully lead to the 
cyclisation of the hydrogen-substituted structure failed to cyclised the phenyl-substituted one. 
\·''](1 "v" (~R==-H --. 
O~O 
1.245 1.246 
11 R=Ph 
Ph1'jPh 
~~b i) Pd(OAch/PPh3, Et3N, MeCN, 85°C, 83% ii) Pd2(dba)3 CHCI3IPPh3, DMF, K2C03, 85°C, 19% 
1.247 
Scheme 1.43: 6-exo-trig cyclisation of the triene 1.245. 
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In the final two examples of vinyl halide intramolecular Heck reactions researchers have 
employed this chemistry in natural product formation.l.46.1.47 Rawal and co-workers employed 
the intramolecular Heck reaction of vinyl halides in the synthesis of Strychnos alkaloids.1.46 
Cyclisation of the vinyl iodide 1.248 resulted in the synthesis of dehydrotubifoline 1.250 in 
79% yield. Unfortunately, when the vinyl iodide 1.249 was submitted to the same conditions 
none of the expected alkaloid 1.252 was observed. However. the alkaloid 1.251 was isolated 
in 84% yield (scheme 1.44). 
~ 
. Pd(OAch, K2C03, 
" 
N , 
HIJ DMF. 
BU4NCl, 60°C 
1.248R=H 
Pd(OAch. K2C03, 
DMF 
BU4NCl, 60°C 
1.249 R = C02Me 
C02Me 
1.251 
N , 
C02Me 
1.252 - not formed 
Scheme 1.44: Synthesis of dehydrotubifoline 1.250 from vinyl halide. 
When Rawal and coworkers applied the same conditions to the vinyl iodide 1.253 they were 
able to isolate the isostrychnine 1.254 in 71% yield (scheme 1.45).1.47 
~OTBDMS 
N 
o 1.253 
DMF,Bu4NCl 
60°C 
then HCl, TIIF 
• 
1.254 
Scheme 1.45: Synthesis of isostrychnine 1.254 
OH 
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This brings an end to the use of vinyl halides in intramolecular Heck reactions. We will now 
look at aryl halides. This area has been more extensively reviewed than the former. We will 
present selected examples of these cycJisations. Intramolecular Heck reactions have been used 
in the synthesis of various heteroatomic structures such as benzofurans, indoles and 
benzothiophenes. We are interested in N-heterocycles, and, therefore shall present examples 
in which these are formed. 
In 1987, Larock and Babu reported the synthesis of various N-heterocycles including indoles, 
indolines and quinolinesl .48 The researchers developed a standard set of conditions which 
could be applied to a wide range of o-iodoaryl alkenes. The synthesis of the indole 1.256 by 
palladium catalysis was initially carried out be Hegedus et al. 1•49 A high temperature (110°C) 
and lengthy reaction times were employed. With the low yield that was observed the reaction 
was seen as unfavourable. Larock employed milder conditions in the synthesis of the indole 
1.256 and achieved a higher yield (scheme 1.46).1.48 
cc~ NI f _P.....,d(::-O,...,A::::c)-,:2::-' N--:a,;:..2C-=:O,...;3 .... // DMF, BU4NCI 
H 
25°C, 24 h 
97% 
1.255 
~ ~.) 
N 
H 
1.256 
Scheme 1.46: Larock's improved synthesis of 3-methyIindole 1.256. 
These conditions were applied to the synthesis of the indoline 1.262 with disappointing results 
as no cyclisation occurred. However, the addition of HC02Na gave the indoline 1.262 in 
moderate yield (scheme 1.47). It is believed that this additive reduced the alkyl palladium 
species 1.259 to give the indoline 1.262 and Pd(O). Larock also showed that substituents on 
the alkene group may increase reaction time however, the indoles are still observed in high 
yield. 
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C(~ Pd/l~57 /' 
CCNHP~ 
_ 1 Hl.261 
PdH 
ii ....::H::..:C....::O.:::2N..:.:::a.. 1:: PdOCHO 
1.259 l!i60 
Scheme 1.47: Cyclisation of aryl iodide 1.257 using sodium formate. 
Using the intramolecular Heck reaction researchers have synthesised oxindoles,I,48,1.50 The 
oxindole 1.264 was prepared from Meldrum's acid derivates by Cacchi and coworkers,l.50 All 
the substituted structures gave moderate to good yields of the eis-isomers of the oxindoles 
(scheme 1.48). 
Q-~ I ° I ....... - ~O-"0 Pd(OAch(PPh3h. ~ ~ 
HN DMF, BU3N, __ 80°C 
-- R 0 30-93% H 
1.263 1.264 
R = Me, (CH2hCOMe, (CH2hC02Me, (CH2hPh, Bn 
o 
R 
Scheme 1.48: Synthesis of oxidindoles using intramolecular Heck reactions. 
Larock and coworkers have also prepared the oxindoles 1.266 in nearly quantitative yields 
using the previous conditions for the indole 1.257 (scheme 1.49)1.48 Prior to this research 
Heck and coworkers had synthesised the oxindoles in moderate yields using Pd(OAc)iP(o-
tolh.1.51 
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{Ph Q-fCHPh CC~ I 0 Pd(OAch, NaOAc, -:';D:-:-MF~, B;;:-u....,4N"'"C~I-'- ~ h .0 N 0 80 QC, 24 h N 0 
H 97% H 
1.265 1.266 
Scheme 1.49: Larock's synthesis ofthe oxindole 1.266. 
In 1987, Overman and coworkers were able to synthesis spirooxindoles 1.268 and its double 
bond regioisomer in a I: 1 ratio. I•52 Upon addition of a silver salt such as Ag2C03 or AgN03 
the spiraoxindoles 1.268 and its double bond regioisomer were observed in a more favourable 
26: I ratio (scheme 1.50). Further alterations were found to be unfavourable. Replacing the 
bromine in the starting material with iodine decreased the reaction time and the amount of 
palladium catalyst required, however, a I: I ratio of products was observed. 
o 
d:N,Me Pd(OAc)iPPh3, AgNOi I (yBr MeCN, Et3N 
-:? I reflux 
::::.... 36 h 
70% 
1.267 1.268 
Scheme 1.50: Overman's isomerisation reduction in the spirooxindole 1.268. 
Using similar reaction conditions Grigg et al. were able to synthesis a range of 
spiroheterocycles.1.53 The spiroindoline 1.270 is obtained from the aryl iodide 1.269 in high 
yield (scheme 1.51). 
Pd(OAc)zIPPh3, MeCN 
• • 
K2C03, Et4NCI 
60-80 QC 
74-80% 
R=H,CHO,Me 
1.270 
Scheme 1.51: Grigg's spirocycIisation of the aryl iodide 1.269. 
The reaction proceeds as a cascade type reaction via two successive 5-exo-trig processes. The 
first ring is formed by insertion of palladium into the aryl iodide bond followed by attack onto 
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the double bond to give the alkyl palladium species 1.272, this then attacks the aryl ring to 
give the product 1.273 (scheme 1.52). 
PdI---~ • 
N 
I 
S0.zPh 
1.273 
R 
Scheme 1.52: Mechanism for two the successive 5-~o-trig pathway of aryl iodide 1.271. 
Grigg also prepared both 5,6- and 5,7-spirocycles with promising results. I .53 The 5,6-
spirocycles 1.276 and the 5,7-spirocycles 1.279 were prepared in good yield from the aryl 
iodides 1.275 and 1.278 respectively (scheme 1.53). 
CHO 
R=°'6 
• 
Ph02~ ~~ 
I~N~ u::c
N
) X= S, ° 
I 
S02Ph 
1.278 
Scheme 1.53: Synthesis of 5,6- and 5,7-spirocycles. 
These results show that such cyclisations are effective using both electron rich and electron 
deficient ring systems. For the cyclisation of the aryl iodide 1.278 only the 5,7-spirocycle 
1.279 is seen. Looking at the mechanism for the formation of the 5,6-spirocycle 1.276 
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explains why this structure is not observed at the end of the reaction. The palladium species 
1.280, formed during the synthesis of the 5,6-spirocycle 1.276, cannot undergo ,B-hydride 
elimination and therefore, this pathway is not viable (figure 1.8). 
Figure 1.80: Palladium species which is unable to undergo p-hydride elimination to form 
the 5,6-spirocycIe. 
The ability to control the outcome of reactions is highly sought after by researchers as often 
only one product is required and by-products can be a hindrance in that they, either reduced 
the yield of the desired product, or mean purification can become a problem. Therefore, when 
there is more than one possible outcome from a reaction, researchers need to be able to have 
control. This is why research groups carry out reactions varying conditions to, for example, 
increase the yield of the desired product or suppress the formation of unwanted products. 
Dankwardt and Flippin were able to control the products obtained by cyclisation of the aryl 
bromide 1.281 by altering the substituents around the double bond (scheme 1.54) .. ·54 The 
more highly substituted structures gave a mixture of the 5-exo and 6-endo products. Lesser 
substituted structures afforded only the 6-endo products. 
1.281 
Pd(OAch1PPh3 
Et3N,MeCN 
reflux, to h 
88-99% 
• 
R = H, Me, Ph, CH2N(Me)(CH2h, (CH2)4 
1.282 
Scheme 1.54: Using substituents to control ring size. 
Bombrum and Sageat have reported the regiocontrolled synthesis of the heterocycles 1.284 
and 1.285 from the isoquinoline 1.283 (scheme 1.55)1.55 The best results were seen with 
enamide containing a thiophene ring. Using classical catalyst conditions the researchers 
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observed the 6-membered ring 1.284 as the major product (99:1). The researchers obtained a 
better yield by replacing the solvent with DMF and omitting the PPh3 with the same 
regiochemical outcome. A reversal of regiochemistry was seen with the addition of a hydride 
source. 
~:G9A /0 • , ...-.:; N ~ 
'0 0 0 
o Br 
1.283 1.284 
+ 
/0 
'0 0 
Scheme 1.55: 6-exo and 5-endo cycIisation of enamides 
Intramolecular Heck reactions of aryl halides have also been shown to be successful in the 
synthesis oflarger cyclic structures. Various groups have shown that 7-, 8-, and 9-membered 
rings can be formed under the right conditions using suitable starting materials. I .56,1.57 In 
1997, Gibson and coworkers demonstrated the fonnation of 7-, 8-, and 9-membered ring 
structures using aryl iodides 1.286 (scheme 1.56).1.56 Optimised conditions were developed 
and applied to the aryl iodide giving the various cyclised structures in 55-86% yield. 
Researchers have shown that tricyclic systems containing 7-membered rings can be 
synthesised in high yields. The cyclisations were promoted by standard conditions in a 
relatively short period of time. 
~ ~ ~ ~ n I Pd(OAch • I NBoc ...-.:; Jlco Me NaHC03, BU4NCl ...-.:;--= n Boc 2 DMF,110°C CO Me 
1.286 55-86% 1.287 2 
Scheme 1.56: Synthesis oflarger ring structure using the 
intramolecular Heck reaction 
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Ferracoic\i and coworkers have shown that an aqueous medium can be used to generate 7- and 
8-membered ring structures 1.290 and 1.291 from the aryl iodide 1.288 (scheme 1.57).'·57 
Using dry conditions lead solely to the formation of the 6-membered ring structure 1.289. We 
have presented various examples of intramolecular Heck reactions of both aryl and vinyl 
halides. Larock and Zeni have extensively reviewed these topics and for further examples this 
review can be consulted!·40 We will now present a select few examples in which 
intramolecular Heck reactions have been used in natural product synthesis. 
~I. ~~~ BU4NOAc, DMF, 85°C 
60% 1.288 o 
Pd(OAc)iPPh3 
BU4NOAc, 
DMFIH20, 85°C 
87% 
o + ~~ ~ 0 N 
Bu 
1.290 1.291 
1.289 
Scheme 1.57: Using aqueous conditions to alter the size of the ring. 
1.3.2 Intramolecular Heck Reactions in Natural Product Synthesis 
Natural product synthesis is at the front of most organic researchers thoughts. This is evident 
from the vast number of papers produced containing a wide range of natural products. 
Researchers are continually searching for the most efficient methods in synthesis. Since the 
discovery that the Heck reaction can be carried out in an asymmetric fashion it has become 
popular in natural product synthesis.1.58-1.61 Amongst others the Heck reaction has been used 
in the total synthesis of (+)-vemoplin 1.292/.58 halenaquinone 1.293/.59 (-)-scopadulcic acid 
A 1.2941•60 and spirotryprostatin B 1.2951.61 (figure 1.9). The synthesis of halenaquinone 
1.293 and (-)-scopadulcic acid A 1.295 will be presented in more detail below. 
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Figure 1.9. 
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In 1996, Shibasaki et al. reported the total synthesis of halenaquinone 1.2931 .S9 Prior to this 
synthesis only one other group had synthesised the target molecule, this was achieved from 
the optically pure Wieland-Miescher ketone 1.296 (figure 1.10).1.62 
1.296 
Figure 1.10: Wieland-Miescber ketone 1.296. 
The Shibasaki synthesis commences from the commercially available 6,7-dimethoxy-l-
tetralone and utilises an intramolecular asymmetric Heck reaction to synthesise a key 
intermediate containing a quaternary carbon centre. This step was carried out in a 78% yield 
(scheme 1.58). In order to create this stereochemistry (S)-BINAP was used as a ligand in the 
Heck reaction alongside standard palladium conditions. During their synthesis Shabasaki and 
coworkers used three pathways to achieve the structure 1.298, two of these pathways led to 
the cyclisation precursor 1.297, the third is another Heck reaction (scheme 1.60-step iii). The 
total synthesis of the halenaquinone 1.293 can be seen at the end of this section (scheme 
1.60). 
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Pd(OAch, (S)-BINAP 
OTBDPS K2~~~~ 
OMe 1.297 
87%ee,78% 
• 
OMe 1.298 
.f 
OTBDPS 
I 
Scheme 1.58: Key Heck reaction to form quaternary C-centre in halenaquinone 1.293. 
Overman and coworkers presented the first enantioselective total synthesis of scopadu1cic 
A.1.60 The researchers describe the key step in the reaction as being an intramolecular cascade 
reaction which generates three of the four core rings. The Heck cyclisation was carried out 
using Pd(OAc)2, PPh3 as the ligand, Ag2C03 in THF at reflux to give the cyclic structure 
1.300 in 90% yield (scheme 1.59). A further 15 steps were required to obtain the (-)-
scopadulcic A 1.294 in an overall-I% yield (scheme 1.61). 
OTBDMS 
1.299 
1) Pd(OAch/PPh3 
.. 
Ag2C03, THF 
reflux 
2)TBAF 
THF, 23°C OH 
1.300 
Scheme 1.59: Heck reaction to set up tricyclic core in the 
synthesis of (-)-scopadulcic. 
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(i) a)BBr" DCM, -78·C tort, b) BnBr, K,CO"n-Bu,.NI, DMF, 60 ·C, e) crO" AeOH-H,O, O·C tort, d) KIIMDS, nlF,-
78 ·C, then Me!, -78 ·C tort, e) H, (I abn), Pd-C, AeOEt, It; (ii) Tf,O, pyridine, DCM, -78·C to rt; (iii) 3.11, Pd(OAe)" (S)-
BINAP, K,CO" 1llF, 60 ·C; (iv) a) TBDMSCL EI,N, DCM, 0 ·C, b) Tf,O, EI,N, DCM, -78 ·C 10 rt; (v) 
CH,=CHCH,MgBr, PdCI,(dppt)-DCM, Et,O, -78 ·C 10 rt; (vi) a) 9-BBN, 1llF, 0 ·C 10 rt, b) 3.12, PdCI,(dppt)·DCM, 
K,PO,'nH,O, TIlF, 50 ·C; (vii) 3.11, PdCI,(dppt)'DCM, K,Co" 1llF, 50 ·C; (viii) a) n-Bu.NJ', 1llF, 0 ·C, b) Tf,O, EI,N, 
DCM, -78 ·C 10 rt; (ix) Pd(OAe)" (S)-BlNAP, K,CO" TIil', 60 ·C; (x) a) n-Bu.NJ', AeOH, 1llF, 0 ·C to rt, b) NaB14, 
MeOH, o·c 10 rt; (xi) 4-nitrobenzoyl chloride, Et,N, 4-(dimethylamiuoJpyridine, DeM, O·C to rt; (xii) a) Tf,O, pyridine, 
DCM, -78·C to rt, b) LDN3_13, TIil', -78 ·C, then 2% NaF; (xiii) a) 1I00CH,hOH, TsOH'H,O, benzene, reflux, b) n-BuLi, 
1llF, -78 to -50 ·C, then TIPSCI, -78 ·C to rt; (xiv) DDQ, DCM, H,O, It; (xv) 0, (1 abn), KO-I-Bu, I-BuOH, 35 ·C; (xvi) 
Nal, CuSO,'5H,O, MeOH, H,O, rt; (xvii) TsOH'H,O, acetone, HP, 60 ·C; (xviii) Pd,(dba)"CHCI" K,Co" DMF, rt; (xix) 
n-Bu4NF, AcOH, TIlF, MeCN, 60 ·C; (xx) CAN, MeOH, HP, 0 ·C. 
Scheme 1.60: Shibasaki's total synthesis ofhalenaquinone 1.293.1.59 
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i) (S)-a-pinene, 9·BBN; ii) TlPS-CI, imidazole; iii) AcOHIH,O, TIIF; iv) I" PPh" imidazole; v) t-BuLi, Et,O, -78 ·C, 1.327; 
vi) LDA, 20% HMPA·1IlF, ·78·C - 0 ·C; vii) HCI-H,O, viii) Ph,p=CH" TIIF, 0 ·C; ix) TBAF, TIlF, 23 ·C; x) Red-Al, 
Et,o, 23 ·C, NIS, -78 ·C - 23 ·C; xi) TBDMS-CI, imidazole, DMF; xii) 30"/0 Pd(OAc)" 60% PPh" Ag,Co" TIIF, reflux, 
TBAF, lHF; xiii) TI'AP, NMO; xiv) Me,Zn, Ni(acac)" 0 ·C - 23 ·C; xv) (CH,oIl)" (OCH,CH,o)CHOMe, Amberlyst 15; 
xvi) m-CPBA, NaHCO" 0 ·C; xvii) LiAlH." 23 ·C; xviii) 20"/0 aqueous HCI, TIlF, 50 ·C; xix) MOM-C~ (IPr),NEt; xx) 
Et,AICN, 1MSC~ TIlF, 0 ·C; xxi) LiAlH." -78 ·C, lMS-CI, DMAP, pyridine-CH,CH,; xxii) LDA, TIlF, 0 ·C, BnOCH,Br, 
·78·C - 0 ·C; xxiii) KOI!, K,CO" 140 ·C, CH,N" Et,O, O·C - 23 ·C; xxiv) BzCI, DMAP, pyridine, lOO ·C; xxv) HCI, 
MeOH, 70 ·C; xxvi) PCC, 4 A molecular sieves, 23 ·C; xxvii) n-PrSLi, HMPA, 23 ·C, H" 10% Pd-C,MeOH. 
Scheme 1.61: Total synthesis of (-)-scopadulcic acid A 1.2941.60 
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1.4 Aims 
As presented In section 1.1 palladium and radical mediated reactions have been little 
compared. As separate entities these methodologies have been widely reviewed. We aim to 
present a novel comparison of these two methodologies as outlined below. 
The initial study will focus on the synthesis of N-heterocycles using both palladium and 
radical conditions (scheme 1.62). The same acyclic precursors will be used for both 
methodologies which will result in products with differing oxidation states. The product 1.329 
from the palladium cyclisation will retain the oxidation state of the starting material; whereas, 
the product 1.330 of the radical reaction is reduced. The synthetic precursors will be prepared 
using standard alkylation or coupling methods for amine and amide formation. A protecting 
group is required to force the two reacting groups into a favourable conformation. Amides 
with an N-H bond are stuck in the (rans conformation and so do not rotate freely to the cis 
conformation and do not undergo cyclisation. 
R 
R}i Heck ~~ Radical .. ;y~ 0~~ 
P P P 
1.329 1.328 1.330 
x = Br, I; R= H, Me, Ph; P = suitable protecting group 
Scheme 1.62: Proposed precursors for radical and Heck development reactions 
During the initial studies various parameters wi1\ be considered. For the palladium reactions 
different PdX2, Iigands solvents and bases will be explored. For the radical reactions differing 
the solvents and reagents (BU3SnH, BU3SnCI, TTMSS) will be investigated. The direction of 
research will depend upon the initial results obtained during the development stages. 
Alternative cyclic precursors wi1\ be investigated including alkynes 1.331, arenes 1.332 and 
(l,p-unsaturated amino esters 1.333 (figure 1.11). 
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x ..-;:::::1 CCN~ 
~ 
1.332 
Figure 1.11 
If sets of conditions are successfully developed then they could be applied to natural product 
synthesis. We believe that lactacystin 1.3391.63-1.66 and its analogues would be good 
exemplifications of the use of palladium and radical methodologies (scheme 1.63). 
Lactacystin is a well known naturally occurring biologically active molecule, which has the 
ability to inactivate parasitic proteosomes, including those carrying malaria.1.63,I.64 However, 
the problem with lactacystin and its analogues is that they are also known to attack human 
proteosomes; this has led to the continuing development of derivatives of lactacystin which 
can also inactivate the parasitic proteosomes without harming human proteosomes. 
Scheme 1.63: Proposed Synthesis oflactacystin 1.339 using both palladium and radical 
methodologies. 
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2 Cyclisation of Small Molecules 
2.1 Introduction 
As discussed in section 1.1 of the introduction the comparison of palladium and radical 
methodologies is not a widely explored topic. In order to expand this field of research a range 
of compounds will be studied. These compounds will have to be compatible with both 
palladium and radical methodologies which should not prove too difficult. Palladium is 
known to insert into C-halide bonds and radicals such as organotin radicals are able to abstract 
halides from the C-halide bonds. This will be one of the core features of the structures 
synthesised in this section. The halides will be situated on an alkene and the cyclisations will 
be carried out onto alkenes. In the early stages of this work the aim was to keep the 
cyclisation precursors simple, so that a set of conditions could be developed for comparative 
reasons. Utilising the above requirements for the precursors the generalised structures of the 
amine and ami des can been seen below (figure 2.1). 
~Y1 ~X1 
NON 
I I 
Pg Pg 
R = Me, Ph, H etc 
X =1, Br, Cl 
Pg=Bn, Ts 
Figure 2.1: General structures for cyclisation. 
The structures should undergo 5-exo cyclisation which is allowed under Baldwin's rules and 
therefore, cyclisation should occur.2.t It was envisaged that once the conditions were 
developed for the palladium and radical methodologies they could be applied to more 
complex molecules and possibly applied to natural product synthesis. 
2.2 Cyclisation of Simple Molecules 
Initially synthesis of the amine 2.3 was attempted. This structure was chosen as the materials 
for its synthesis were readily available and the molecule had the simple structure which was 
desirable. The formation of amines is well documented however, the amine could not be 
found in a literature search and therefore, the first step was to design its synthesis. Two 
preparative routes were envisaged in the formation of the amine 2.3 (scheme 2.1). 
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Ph Ph 
~ + Brj< Route 1 ~rf=R=0=ut=e=2~> t + ~ Br N ~ 
I I Br 
Bn Bn 
2.1 2.3 
Scheme 2.1: Two proposed routes to the amine 2.3. 
Brf 
RN 
I 
Bn 
2.2 
Essentially, the starting materials for both routes are the same; the reactions differ merely in 
the order in which the amine 2.3 is assembled. In order to carry out both the routes the amines 
2.1 and 2.2 would first have to be synthesised. Route 1 was chosen which meant that the 
amine 2.1 first had to be synthesised. This was achieved by reacting cinnamyl bromide with 
an excess of benzyl amine in THF (scheme 2.2). The structure of the amine 2.1 could be seen 
in the 1 H NMR spectrum of the crude reaction mixture; however, purification proved difficult 
and the amine 2.1 could not be isolated from the remaining benzylamine. This was put down 
to the polarities of the two structures being similar and, therefore, column chromatography to 
purify the amine 2.1 was not possible. The reaction was reattempted several times with 
varying amounts of benzylamine. However, when the number of equivalents of benzylamine 
was reduced to below three the bis-alkylated product could be seen in the IH NMR spectrum 
of the crude reaction mixture and purification did not prove to be simpler. 
\ 
Br 
BnNH2<5 eq.) 
THF 
RT,5h 
\ NH 
I 
Bn 
2.1 
Scheme 2.2: Preparation of the amine 2.1. 
As the amine 2.1 could not be purified no attempt to form the amine 2.3 was made as it was 
felt purification and identification of the product after the next reaction would prove to be 
difficult. Alongside the attempted synthesis of the amine 2.3, the synthesis of the amide 2.5 
was attempted. As with the synthesis of the amine 2.3, two preparative routes were envisaged 
(scheme 2.3). 
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Route2:> 1 + 
o Cl 
Scheme 2.3: Two proposed routes to the amide 2.5 
Brf 
HN 
I 
Bn 
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Once again the preparative route 1 was chosen. It was felt that the purification of the amide 
2.4 would be easier than for the amine 2.1. The difference in polarity between ami des and 
amines should allow for easy separation from the benzylamine. Standard amide formation 
conditions were applied to trans-cinnamoyl chloride and excess benzylamine (scheme 2.4). 
The isolation of the amide 2.4 proceeded smoothly as expected to give the product in 68% 
yield. 
Ph 
~l 
BnNH2(s cq.), 
Et3N 
• DCM, 
Reflux, 
5h 
68% 
~NH 
I 
Bn 
2.4 
Scheme 2.4: Preparation of the amide 2.4. 
From the amide 2.4 it was hoped that the amide 2.5 could be achieved in one step. 
Unfortunately the synthesis of the amide 2.5 proved to be elusive. The amide 2.4 was reacted 
with 2,3-dibromopropene under a range of conditions however, only starting material was 
isolated from the reactions (table 2.1). For entries 1, 2, 4 and 5 the NaH (60% in oil) was 
used straight from the bottle. For entry 3 the NaH was washed first before use in case the oil 
was hindering the reaction; however, this made no difference. For entries 1-4 the NaH was 
added to a solution of the 2,3-dibromopropene and the amide 2.4 in the solvent at 0 °C and 
reaction warmed to the stated temperature. For entry 5 the NaH was added to a solution of the 
amide 2.4 in DMF and the reaction heated at 80°C for 2 h. The reaction was then cooled to 0 
°C, the 2,3-dibromopropene was added and the reaction was heated to 80°C for a further 17 
h. 
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Ph lBr Ph ~ml xr) Br • o N I I Bn Bn 
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Entry Base Solvent Tem~erature Time {h} Outcome 
I NaH THF o °C_rt 4 SIM 
2 NaH DMF o °C_rt 4 SIM 
3 NaH DMF o °C-80°C 6 SIM 
4 NaH Toluene o °C-80 °c 24 SIM 
5 NaH DMF 80 °C_O °C-80 °c 20 SIM 
Table 2.1: Attempted synthesis of the amide 2.5. 
As already mentioned two synthetic routes were contrived for the synthesis of the amine 2.3 
and the amide 2.5. Therefore, the current attempts were abandoned. Upon examination of the 
second routes it was felt that these would be more advantageous. The amine 2.2 is formed in 
both routes and it was felt that if these routes were successful the amine 2.2 could be used in 
the synthesis of a variety of cyclisation precursors. 
A literature search provided a method for the formation of the amine 2.2u An excess of 
benzylamine was used as in previous reactions however, the amine 2.2 could be isolated by 
column chromatography at the end of the reaction. The benzylamine was reacted with 2,3-
dibromopropene in the presence of K2C03 to achieve the desired product (scheme 2.5). The 
amine 2.2 was isolated in a reasonably high 84% yield which would allow for large quantities 
to be synthesised should the next step be successful. 
BnNH2(5 eq.), 
K,COJ .. 
DCM, 
rt, 4 h, 
85% 
Br) 
lIl1 
Bn 
2.2 
Scheme 2.5: Synthesis of the amine 2.2 using literature procedures. 
Remaining with the synthesis of the amide 2.5, the amine 2.2 was reacted with cinnamoyl 
chloride using standard amide formation conditions. The acylation of the amine 2.2 was 
carried out successfully and the amide 2.5 was isolated in 94% yield (scheme 2.6). 
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Scheme 2.6: Synthesis of the amide 2.5. 
Interestingly, upon inspection of the IH NMR spectrum of the amide 2.5 it was thought that 
rotamers could be seen. This suspicion was confirmed by variable temperature NMR 
spectroscopy. Rotarners occur in amides due to the de1ocalisation of the nitrogen lone pair 
between the nitrogen and the oxygen (figure 2.2). For the amide 2.5 this could be seen in the 
IH NMR spectrum as multiple peaks for the vinyl protons and the benzyl CH2 protons. 
Figure 2.2: Delocalisation of nitrogen pair of amide in formation of rotamers. 
The rotamers are seen in the IH NMR spectrum because the rate of rotation is slower than the 
frequency of measuring the spectrum due to delocalisation of the amide; the amide bond 
becomes rigid and the structure is held in a different geometry with the result that different I H 
NMR spectra are seen. The two substituents on the nitrogen atom are large enough to give 
similar energies for the two rotarners. When hydrogen is one of the substituents the trans (2) 
isomer is more stable and the cis (E) isomer is not observed. 
The synthesis of the amine 2.3 unfortunately did not prove to be immediately successful like 
the amide counterpart. The reaction was carried out on both small and large scale however; 
the desired product was not seen. One final attempt was made to synthesise the amine 2.3. 
The cinnamyl bromide was added to the amine 2.2 neat, then after 2 h DCM was added and 
the reaction was left for a further 1 h (scheme 2.7). 
S6 
t + :,f_R_:~T-':'-~_~~ .. ~ ~Nrj l RT, 1 h 
Br Bn B' n 84% 2.2 2.3 
Scheme 2.7: Synthesis ofthe amine 2.3 
Using the amine 2.2 two further precursors were synthesised. The amide 2.6 was synthesised 
in a similar manner to give the amide 2.5 in 79% yield and the amine 2.7 was synthesised in 
the same manner as the amine 2.3 in 60% yield (scheme 2.8). 
l' Brj Et3N ~'j .. DCM, HN o °C_rt, o Cl , o N Bn 5 h, , 
79% Bn 
2.2 2.6 
\' Brj I) Neat ~'j rt, 2 h .. 2)DCM HN rt, 1 h, , N Br Bn 60% , 
Bn 
2.2 2.7 
Scheme 2.8: Synthesis ofthe amide 2.6 and the amine 2.7. 
Having synthesised a variety of precursors they were each in turn submitted to a series of 
palladium and radical cyclisation conditions. The amide 2.5 was the first of the precursors to 
be submitted to the cyclisation reactions. The palladium conditions were triaIled first, a 
variety of conditions were screened (table 2.2). Only starting material was retrieved from the 
reaction of entries 1, 3, 5, and 6. For entries 2 and 4 complex mixtures were seen by 'H NMR 
spectroscopy at the end of each reaction, and therefore, nothing could be retrieved from the 
reaction. Entries 1-4 utilised standard Pd sources, whereas entries 5 and 6 used a 
heterogeneous catalyst including palladium acetate and triphenylphosphine microencapsulated 
in a polyurea matrix. In essence the nature of the palladium in the Pd EnCat TTP30 is the 
same as standard substrates; however this catalyst was easily retrieved from the reaction 
which is of advantage in screening reactions. Unfortunately, there was no positive outcome 
from these palladium reactions. OrganopaIIadium chemistry can be difficult to perfect and it 
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can be a lengthy process trying to find the optimum conditions for each reaction. Therefore, 
the palladium-catalysed reactions were put on hold whilst the radical chemistry was 
undertaken. 
Ph Ph 
Xrf • 01) o N 
I 
Bn I Bn 
2.5 2.8 
Entry Pd Source Base Solvent Temperature Time (h) Product 
1 Pd(OAc)2, PPh3 DIEA DMF 100°C 16 SIM 
2 Pd(PPh3)4 n/a Et3N Reflux 16 CIM 
3 Pd(OAc)2, PPh3 n/a E1JN Reflux 16 SIM 
4 Pd(OAc)2, PPh3 E1JN Toluene 80°C 16 CIM 
5 Pd EnCat TTP30 n/a Toluene 80°C 16 SIM 
6 Pd EnCat TTP30 K2C03 Toluene 100°C 48 SIM 
Table 2.2: Attempted cyclisation of the amide 2.5 with palladium 
Although the lack of cyclisation has thus far been put down to the difficulties that are 
common with palladium conditions it is worth noting that there could be several other reasons 
for the lack of cyclisation. As already mentioned the amide 2.5 exists as rotamers, this could 
prevent cyclisation as the structure may be in the wrong conformation to cyclise (scheme 2.9). 
Ph Ph Ph );'f· ~'~Bn ~ .. • ~+~Bn o N o N -0 
I 
yBr yBr Bn 
2.5 
Scheme 2.9: Rotation ofthe amide 2.5 providing the wrong conformer for cyclisation. 
The bulky phenyl group may be sterically hindering cyclisation as the structure is in the 
wrong conformation for cyclisation. Successful radical cyclisations would suggest that the 
problem lies merely with the palladium conditions however, if the radical cyclisation is not 
successful then the other structure synthesised should be able to help deduce the issue. The 
amide 2.5 was submitted to a range of radical cyclisation conditions (table 2.3). For all the 
reactions Bu3SnH was used with other conditions being altered. Unfortunately, only starting 
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material was seen in the 1 H NMR spectra at the end of the reactions. Surprisingly the reduced 
product could not been seen in the IH NMR spectra. If the reduced product had been seen it 
would confirm that the radical abstraction of the bromine was in fact taking place and that the 
rate of reaction for the cyclisation is slower and therefore, H-abstraction is more favourable to 
producing the reduced product. Entry 4 was carried out using a fresh bottle ofEt3B as a bottle 
which had already been opened had been used for entries I and 2. This however, made no 
difference and still the reduced product did not appear to be present at the end of the reaction. 
The reduced product is again after the radical abstraction of the bromine which creates a vinyl 
radical, this radical could then either add onto the other alkene in a cyclisation reaction or the 
radical could abstract a H from another molecule. It is possible however; abstraction of the 
bromine could be taking place creating the Bu3SnBr species. As the BU3SnH is not used in 
excess there is the possibility that the vinyl radical could re-abstract the Br from the BU3SnBr 
. instead of the H-abstraction from the BU3SnH. This cannot be proved and is merely 
speculation as to why the reduced product is not seen. 
Ph Ph 
xrj .. o)j o N 
I 
Bn I Bn 
2.5 2.9 
Entry Initiator Temperature Time (h) Product 
I Et3B (+02) rt 16 SIM 
2 EbB (+02) rt 4 SIM 
3 AIBN 80°C 8 SIM 
4 EbB (+02) rt 16 SIM 
Table 2.3: Attempted radical cyclisation oftbe amide 2.5 
As the palladium and radical cyclisation conditions had thus far not lead to the cycIisation of 
the amide 2.5 it was decided to attempt the cycIisation of one of the other precursors 
synthesised at the beginning of this chapter. Successful cycIisation of the amine 2.3 would 
suggest that it is the rotameric nature of the amide that is stopping cyclisation from occurring. 
The amine 2.3 was submitted to several palladium and radical cyclisation conditions (table 
2.4). Once again there was no success with respect to the cycIisations. Fewer conditions were 
tried for the amine 2.3 than for the amide 2.5. 
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Entry Conditions Solvent Tem~erature Time {h) Product 
1 BU3SnH, EbB Toluene rt 8 SIM 
2 BU3SnH, AIBN Toluene 80°C 6 CIM 
3 Pd(PPh3)4, Et3N Toluene reflux 24 CIM 
Pd(OAc)z, PPh3, 
4 Et3N DMF 80°C 24 CIM 
Table 2.4: Attempted cyclisation of the amine 2.3 
As the cycIisation of both the amide 2.5 and the amine 2.3 were not successful it was thought 
that perhaps the bulky phenyl group may be hindering the cyclisations. The remaining two 
precursors synthesised earlier in this chapter would overcome this problem as they have a 
methyl group in place of the phenyl group. The amide 2.6 was submitted to both palladium 
and radical conditions (scheme 2.10). 
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Scheme 2.10: Attempted cyclisation of the amide 2.6. 
No trace of the cycIised products 2.10 and 2.11 could be seen by IH NMR spectroscopy. The 
radical reaction produced an inseparable mixture. From the spectrum the absence of the 
cyclised product 2.10 could be determined, however, the presence of the reduced product 
could not be established. The palladium reaction merely yielded the starting material even 
after the extended reaction time of 48 h. The amide 2.6 also exists as rotamers and so the 
same problem with conformation could exist for this structure. If the amine 2.7 were to be 
successfully cycIised then this would potentially confirm the theories put forward for the lack 
of cyclisations. For the amide 2.5 and the amine 2.3 the bulky phenyl group would be 
preventing cyclisation and the amides 2.5 and 2.6 existing as rotamers prevents these from 
cyclising. However, once again after the amine 2.7 was submitted to both palladium and 
radical cyclisation conditions no successful outcome was seen. 
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Scheme 2.11: Attempted cycIisation ofthe amine 2.7. 
Two further sets of conditions were attempted on the amide 2.6; one palladium condition and 
one radical condition. The palladium conditions were based on a paper by G. Fu et a1.23 Fu 
reports the use of milder Heck conditions in the cyclisation of smaIl molecules. Fu uses 
Pd2dba3, P('Buh, CY2NMe (a highly reactive base) and dioxane as the solvent. P(,Bu)3 was 
difficult to obtain and Pd[P('Bu)3]z was readily available and so this was substituted in the 
foIlowing attempt at cyclisation. The reaction proved to be unsuccessful Fu reports successful 
results at rt. However, even at raised temperature the conditions failed to cycJise the amide 2.6 
(scheme 2.12). 
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Scheme 2.12: Attempted cycIisation using Fu's conditions. 
In the case of the radical reaction, it has been speculated that the addition of thiophenol to the 
reaction can aid the H-abstraction in molecules were a stable radical intermediate is formed 
(scheme 2.13). The radical reaction of the amide 2.6 was carried out in the presence of the 
thiophenol, however, the IH NMR spectrum showed only a complex mixture and purification 
was not possible to isolate any possible product of the reaction. It was hoped the thiophenol 
would at least produce the reduced product but the IH NMR spectrum was too unclean to be 
able to decipher. 
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Scheme 2.13: Propagation with PhSH 
The outcome of the reactions presented thus far has been disappointing. It was hoped that 
using the precursors a set of conditions for each the palladium and radical cyclisation could be 
developed. The feeling was that these molecules may have some structural problems and so 
two further precursors were designed. It was hoped that the addition of an EWG would 
increase the likeliness of cyclisation by pulling electron density away from the receiving vinyl 
group. The synthesis of the amine 2.14 was straightforward with the application of the 
conditions used for the previous two amines (scheme 2.14). The amine 2.14 was obtained in a 
moderate yield of61%. 
HNBrlj_..;:.~:!.~ N.::.2.=~a_t--; ... t~;y 2)DCM t _) 
Bn rt, 2 h, N 
61% ~n 
2.2 2.14 
Scheme 2.14: Synthesis of the amine 2.14 
The synthesis of the amide 2.16 did not prove to be as straightforward. The acid chloride 2.15 
was not commercially available and therefore, an alternative route to the amide had to be 
sought. Fumaric acid monoethyl ester was readily available and from this starting material 
two routes were devised to gain the amide 2.16. Both routes were carried out to ensure the 
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highest yield was achieved. Route one went via the synthesis of the acid chloride 2.15 which 
was achieved by refluxing the acid with thionyl chloride. The unpurified acid chloride 2.15 
was then reacted with the amine 2.2 using the standard amide formation conditions used for 
the synthesis of the previous two amides. As the acid chloride 2.15 was not purified the yield 
of the amide 2.16 was Iow using this route. The amide 2.16 was achieved in a much higher 
yield with route two. The amine 2.2 was coupled directly with the fumaric acid monoethyl 
ester using DCC (scheme 2.15). This method was found to be the better of the two as not only 
was there an increase in the yield but there were fewer steps for route two. 
Bry 
S::y s: lb'ooyl '~ri'.' C02Me ID:I 5:' , Bry ~ Bn 2.2 DCC • Reflux Et3N,DCM, • 3h rt, 5 h, DCM, HN o H 70%crude o N rt, 5 h, 35% I I Bn 75% o OH Bn 
2.15 2.16 2.2 
Route 1 Route 2 
Scheme 2.15: Synthesis of the amide 2.16. 
Having synthesised the amine 2.14 and the amide 2.16 they were submitted to palladium and 
radical cycIisation conditions. The range of reactions screened can be seen below (table 2.5). 
Unfortunately, the presence of the EWG did not produce favourable results. At the end of 
each reaction a complex mixture was seen by IH NMR spectroscopy and TLC. 
Entry Precursor Conditions Temperature Time (h) Product 
1 2.14 EtJB, BU3SnH rt 5 CIM 
2 2.16 Et3B, BU3SnH rt 5 CIM 
3 2.14 Pd(OAc)2, PPh3, EtJN 80°C 48 CIM 
4 2.16 Pd(OAc)2, PPh3, EhN 80°C 48 CIM 
Table 2.5: Attempted cyclisations of the amine 2.14 and the amide 2.16 
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2.2.1 Cyclisations followed by capping with boronic acids 
A search of the literature provided a paper by Ahn et a1.2.4 The researchers were cyc1ising 
small molecules using Heck-type conditions then using an aromatic boronic acid to cap the 
reaction in a Suzuki coupling. An example of the precursors utilised by the researchers can be 
seen below (figure 2.3). The sulfonamides have similar structures to those reported in the 
previous section. These obvious similarities lead to the following work in which the 
conditions from the paper were replicated. 
~rj 
N 
Ts 
2.17 
Figure 2.3 
The researchers screened a variety of conditions to optimise the yields of the reactions. The 
researchers report results for a variety of boronic acids that they screened. They found that 4-
fluorophenylboronic acid gave the best yields. However, this acid was relatively expensive 
and benzeneboronic acid was readily available. As it was not known if the reaction would 
work it was decided the benzeneboronic acid would be sufficient. If the reaction was found to 
be successful then the optimisation of the reaction would be carried out. The amine 2.18 was 
chosen to test the reaction. The amine 2.18 was submitted to the reaction conditions (scheme 
2.16). The IH NMR spectrum of the crude product showed no trace of the desired product. 
GC-MS confirmed the absence of the desired product as no mass corresponding to the 
cyclised product 2.19 could be seen. 
lBr~ __ A_rB~)«~O_H)_2_ bAr Pd(PPh3)4 cat . • N Na2C03, THF- N 
Bn Water (6: 1),80 °C Bn 
~18 ~19 
Ar=phenyl 
Scheme 2.16: Attempted cyclisation and capping of the amine 2.18. 
In order to ensure the choice of boronic acid was not causing the reaction to fail it was 
decided to purchase the boronic acid which produced the highest yields in the paper. The 
reaction was repeated using the same conditions substituting the benzeneboronic acid with 4-
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fluorobenzeneboronic acid. Unfortunately no trace of the desired product was seen by either 
TLC or IH NMR spectroscopy. 
In order to discover whether the methodology had failed or whether the choice of precursor 
was having an effect on the reaction it was decided to replicate one of the reactions from the 
paper. the sulfonamide 2.17 was prepared using standard procedures (scheme 2.17). The 
sulfonamide 2.17 was achieved in an overall yield of83%. 
.,..,.... -NH2 1) Et3N, DCM ~ --...-- . 
2) TsCl, DCM 
rt 
12 h 
87% 
~NHTs 
2.20 
~). 'Y'f 
Toluene N 
80°C Ts 
12 h 2.17 
95% 
Scheme 2.17: Synthesis of the sulfonamide 2.17. 
The sulfonamide 2.17 was submitted to the reaction conditions using the more favourable 4-
fluorobenzeneboronic acid. The reaction was followed by TLC, after 16 h there was no 
indication to suggest that the cyclisation and capping had occurred. The crude mixture was 
analysed by IH NMR spectroscopy and GC-MS both confirmed that no reaction had taken 
place. As mentioned previously Heck reactions are known to be temperamental and so it was 
decided to attempt several more reactions altering the conditions for the reaction. The 
conditions attempted can be seen in the table below (table 2.6). 
Entry Precursor Base Ar Solvent Tem~erature {oq Time {h} Product 
1 2.18 Na2C03 Ph THF 80 16 SIM 
2 2.18 Na2C03 p-F-CJl4 THF 80 16 SIM 
3 2.18 DIEA nla DMF 100 24 CIM 
4 2.17 Na2C03 Ph THF 80 16 SIM 
5 2.17 Na2C03 P-F-C6H4 THF 80 16 SIM 
6 2.17 DIEA p-F-CJl4 THF 80 48 CIM 
7 2.17 Na2C03 p-F-C6H4 THF 80 28 CIM 
8 2.17 DIEA nla DMF 100 12 SIM 
9 2.17 DlEA nla DMF 100 24 CIM 
Table 2.6: Attempted cyclisations 
Unfortunately, none of the reaction conditions produced successful cyc1isations. The 
palladium source remained the same for all reactions. For entries 3, 6, 7 and 9 where the 
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reaction times exceeded 16 h a complex mixture was seen by both TLC and IH NMR 
spectroscopy. Entries 2, 8 and 9 were carried out without the presence of the boronic acid to 
ascertain whether the cyclisations were occurring. The reactions were monitored by TLC and 
it appeared that no cyclisations were occurring. For entries 3, 6 and 8 an organic base was 
used to see if this had any effect. However, there was no significant outcome. 
2.2.2 Conclusions 
A wide variety of conditions have been applied thus far in this chapter with no successful 
outcomes. This is highly disappointing as the aim was to develop a set of conditions for both 
radical and palladium cyclisations which could be used for more complex molecules. It was 
thought that the choice of precursor may have been the downfall of this research. In keeping 
the molecules small and simple this may have hindered the cyclisations. The transition states 
to the products of the reactions would potentially have been too strained. Looking at the 
reactions it appears that the cyclisations are not favoured. With respect to the cycl isations of 
the amide with palladium, the potential products would contain three Sp2 centres on a 5-
membered ring. After analysis of the reaction it was no surprise that the reactions had not 
worked. The strain which would be created would prevent cyclisation from occurring. 
Literature searches have shown that such cyclic molecules have not been reported suggesting 
that they are in fact too strained to exist. Reports of cyclic molecules containing one or two 
Sp2 centres around the 5-membered ring do exist in the literature however, never containing 
the benzyl protecting group, this would suggest that the group is too bulky for cyclisation to 
occur. 
The following section of research aims to back-up these theories. Alleviation of strain will be 
achieved by increasing the chain length of the molecules before cyclisation. This should 
increase the size of the ring upon cyclisation which in turn should reduce the problem of 
strain. 
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2.3 Reduction of Strain in Cyclised Structures 
We have already reported the attempted cyclisation of molecules with the general structures 
seen in figure 2.4 below. Both radical and palladium cyclisation conditions were applied to 
both ami des and amines. The expected products from these reactions were 5-membered rings 
with one to three Sp2 carbon centres arranged about the ring. The conclusion that was drawn 
was that the ring systems are too strained and therefore, do not form in the cyclisation 
reactions. A variety of conditions were screened for both the radical and palladium 
cyclisations with no positive outcomes. 
~B'j ~N I 
Bn 
R = Me, Ph, H etc 
Figure 2.4: General structure of precursor. 
In light of these failed cyclisations we sought to devise new precursors which would result in 
less strained cyclic molecules. To achieve the precursors to these less strained systems we 
thought that the addition of a C-I unit to our general structure would result in larger rings. 
With this in mind we proposed the synthesis of two amine based precursors. We thought that 
we could alter the two side chains of the amines R2NBn (figure 2.5). 
\'j 
N 
I 
Bn 
2.21 
~; 
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Bn 
2.22 
Figure 2.5: Precursors to less strained systems 
Retrosynthesis of both systems lead to non-commercially available compounds (scheme 
2.18). It was thought the amine 2.21 could be synthesised from the amine 2.2 synthesised in 
section 2.2 and 5-bromopent-2-ene 2.23 which would have to be synthesised. The amine 2.22 
could be synthesised from benzylamine, crolyl bromide and the non-commercially available 
2,4-dibromobut-I-ene 2.24. 
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Scheme 2.18: Retrosynthesis of the amines 2.21 and 2.22 
We felt more equipped to synthesis the 2,4-dibromobut-I-ene 2.24 than the 5-bromopent-2-
ene 2.23. Therefore, we decided to synthesise the amine 2.22 and not the amine 2.21 in the 
hope that it would undergo cyclisation to a 6-membered ring which would be less strained. 
Alongside the synthesis of the amine 2.22 we decided to synthesise another precursor which 
would also cyclise to form a less strained cyclic system. We designed the second molecule by 
again altering the Br-containing chain. We envisaged that we could synthesise the (E)-N-
benzyl-N-[(Z)-4-bromobut-3-enyllbut-2-en-I-amine 2.25 from benzyl amine, crotyl bromide 
and (Z)-1,4-dibromobut-I-ene 2.26 (scheme 2.19). 
2.25 
;. ~,+B~ 
Scheme 2.19: Retrosynthesis of the amine 2.25. 
Br 
2.26 
The (Z)-1,4-dibromobut-I-ene 2.26 was not commercially available but we felt equipped to 
carry out the synthesis of such a molecule. Upon cyc1isation the amine 2.25 should form the 
7-membered ring systems 2.44 and 2.43 with palladium and radical condition respectively. 
The formation of 7-membered ring structures are rare within both palladium and radical 
cyclisations. Therefore, the successful cyc1isation of the amine 2.25 would not only add 
weight to the strain theory but would also be an interesting result in its own right with respect 
to methodology. 
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2.3.1 Synthesis of (E)-N-benzyl-N-(3-bromobut-3-enyl)but-2-en-l-amine 
The synthesis of the amine 2.22 devised in scheme 2.18 posed a problem as the dibromo 
alkene 2.24 was not commercially available and therefore, had to first be synthesised. We 
envisaged that we could synthesise the dibromo alkene 2.24 in two steps via two different 
routes. 3-Butyn-l-ol is commercially available and can be used as a starting material for both 
routes. Essentially the routes to achieve the dibromo alkene 2.24 are the same merely carried 
out in different orders (scheme 2.20). 
//'-../Br 
# -, B 2.27 
Jr ./ Route 1 OH ~Br ~
2.24 
'Br ./ ~OH 
2.28 
Route 2 
Scheme 2.20: Retrosynthetic routes to the dibromo alkene 2.24 
In the first route the hydroxyl group is replaced with bromine of which several methods have 
been found in the Iiterature.z·s Then using HBr, the hydrobromination of the of the alkyne 
would be carried out using methodology previously used in the Bowman group. The second 
route reverses these steps. The 3-butyn-l-ol would first be hydrobrominated to give the 3-
bromobut-3-en-l-ol 2.28 which would then be brominated. 
As we felt that neither route would be more beneficial we decided to attempt route 1 first. 
With this route the hydroxyl group was first converted to the bromide. Within the literature 
there are several methods for this conversion. The conditions attempted can be seen in the 
table 2.7. 
Entry Reagents Solvent Temperature Time (h) Outcome 
1 CBr4, PPh3 MeCN O°C 4 Inseparable mixture 
2 Br2, PPh3 DCM rt 16 Inseparable mixture 
3 PBr3 DCM rt 2 Unknown 
4 SOBr2 reflux 24 Trace 
Table 2.7: Attempted conditions for the synthesis of 2.27. 
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Entry 1 followed literature methodology usmg CBr4 and PPh2•S Unfortunately large 
quantities of triphenylphosphine oxide was produced during the reaction making purification 
and identification of the product difficult. Isolation of the desired product would prove to be 
difficult due to its volatile nature. Entry 2 was again following literature procedure using Br2 
and PPh Unfortunately; this method also resulted in the formation of large quantities of 
triphenylphosphine oxide. In entry 3 PBr3 was used in the hope that the absence of PPh3 
would make purification and identification of the product easier. However, at the end of the 
reaction we were unable to identify the product by either IR, IH NMR spectroscopy or mass 
spectrometry. In the final entry, entry 4, we used SOBr2. We hoped that the SOBr2 would act 
as a brominating agent much like SOCh acts as a chlorinating agent. Throughout the course 
of the reaction large quantities of HBr gas were produced. This was not desirable especially 
since only trace amounts of the product were produced. As we were not having much luck 
with this route we decided to carry out the alternative route. 
The second route was to first hydrobrominate the alkyne. A literature search provided a 
variety of methods.2•6 However; each method required the use of HBr gas at some stage 
during the reaction. We felt that the use of HBr gas was undesirable due to the difficulties in 
handling. For us it followed that an aqueous source ofHBr would be more appropriate. HBr 
(45% in acetic acid) has previously been used in the Bowman group to hydrobrominate across 
the alkyne C=C. In these reactions the bromine added onto the C-2 position which is ideal for 
the desired product. The reaction conditions were applied to 3-butyn-I-ol (scheme 2.21). 
OH HBr (45% in acetic acid) ~ --------------------.. 
?? O°C 8h , 
Br 
~OH 
2.28 
Scheme 2.21: Attempted synthesis of the 3-bromobut-3-en-1-oI2.28. 
The reaction was followed by TLC. After the addition of the HBr the formation of a new spot 
could be seen. After 4 h most of the 3-butyn-I-ol had been consumed the reaction was left for 
a further 3 h but the butynol was never fully consumed. The reaction was stopped after 8 h. 
The IH NMR spectrum of the crude reaction poduct did not appear to correspond to the 3-
bromobut-3-en-I-oI2.28. The reaction was repeated using a fresh bottle of the aqueous HBr 
as the first bottle was relatively old. The IH NMR spectrum of the crude reaction of the 
second attempt was identical to the spectrum of the first attempt. This suggested that although 
the desired product did not appear to be formed at least the reaction was consistent. When we 
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further examined both the reaction conditions and the IH NMR spectra again the product of 
the reaction became clear. The acetic acid the HBr was contained within had reacted with the 
hydroxyl group to form the ester 2.29 (scheme 2.22). The formation of the ester was further 
confirmed by the sweet aroma given off by the product. Fortunately, the hydrobromination 
had also taken place for the most part giving the 3-bromobut-3-enyl acetate 2.29 in 65% yield. 
The moderate yield is likely due in part to the volatile nature of the product and in part to the 
presence of the esterified 3-butyn-1-01. 
/~OH 
-:P- HBr(45%in acetic. acid) yr ~ 
O°C,4h ~O""""""'" 
65% 
2.29 
Scheme 2.22: Synthesis of the 3-bromobut-3-enyl acetate 2.29. 
Saponification of the ester 2.29 with LiOH resulted in the desired 3-bromobut-3-en-1-ol 2.28 
(scheme 2.23). The reaction proceeded in a reasonable 74% yield. 
Br 0 
~O~ 
2.29 
LiOH 
THFIH20 (U)· 
rt, 1 h 
74% 
Br 
~OH 
2.28 
Scheme 2.23: Saponification of the 3-bromobut-3-enyl acetate 2.29. 
The overall yield of the two steps was relatively Iow and we feIt we could increase the yield 
in the first step by increasing the amount of aqueous HBr to get the reaction to go to 
completion. The reaction was carried out on both large and small scale. In both instances no 
improvement in yield was seen. We proposed that once esterification of the 3-butyn-1-ol has 
taken place the hydrobromination does not occur which would explain why even in the 
presence of excess HBr the reaction does not go to completion. 
Thus far this route has proven to be more successful. The products from the two reactions 
although volatile were isolated from the reaction relatively clean and did not require complex 
purification processes keeping product loss to a minimum. We were not hopeful about the 
bromination reaction since in route 1 we were not able to find a successful method. We made 
one attempt at interchanging the hydroxyl group with bromine using a method from table 2.7 
(entry 1). As expected purification was a problem with the excessive amount of 
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triphenylphosphine oxide formed in the reaction. Thus we sort to find an alternative route to 
achieve the amine 2.22 using the 3-bromobut-3-en-I-oI2.28. 
We proposed that in place of the 2,4-dibromobut-I-ene 2.24 an alternative molecule could be 
synthesised in the form of2-bromo-4-iodobut-I-ene 2.31. We believed we could achieve the 
2-bromo-4-iodobut-I-ene 2.31 by first mesylating the 3-bromobut-3-en-I-ol 2.28 then 
carrying out functional group interconversion using the Finklestein reaction. From this 
compound we believed we could achieve the desired amine 2.22 in a further two steps 
(scheme 2.24). 
Br fu Br ~()fI---------o. ~()11S ---------0. ~I 
2.28 2.30 2.31 
, 
Br Br ~N~ ... ---------~NfIBn 
Bn 
2.22 2.32 
Scheme 2.24: Proposed synthesis of the amine x.x 
The 3-bromobut-3-en-I-ol 2.28 was activated by converting it to the mesylate 2.30. The 
reaction was carried out using methansulfonyl chloride in the presence ofEhN at 0 °C to give 
the mesylate 2.30 in excellent yield. The mesylate was then converted using NaI in a 
Finklestein reaction to achieve the 2-bromo-4-iodobut-I-ene 2.31 (scheme 2.25). An attempt 
was made to directly convert the 3-bromobut-3-en-I-ol 2.28 in the Finklestein reaction to the 
2-bromo-4-iodobut-I-ene 2.31. fIowever, the outcome was not successful and we concluded 
that the activation by the mesylate was necessary. 
Br I) Et3N, DC11 Br 
~()fI 2) ~Cl' ~()11S 
o °C, 12 h 
2.28 98% 2.30 
NaI • 
Acetone, 
Reflux, 
24h 
90% 
Br 
~I 
2.31 
Scheme 2.25: Synthesis of the 2-bromo-4-iodobut-l-ene 2.31. 
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Now that we had all our precursors we were able to assemble them to gain the amine 2.22. 
The 2-bromo-4-iodobut-l-ene 2.31 was reacted with benzylamine in the same manner as for 
the synthesis of the amine 2.2 in section 2.1 (scheme 2.26). The amine 2.32 was achieved in 
75% yield. The structure was confirmed by 'H NMR, \3C NMR, IR spectroscopy and mass 
spectrometry. 
Br 
NH2Bn, 
Br 
~I K2C03 ~NHBn .. DCM, 
rt, 
2.31 16 h 2.32 75% 
Scheme 2.26: Synthesis of the amine 2.32. 
The final step in the synthesis was the second alkylation with crotyl bromide. Previous 
successful alkylations of secondary amines has allowed for a simple and effective 
methodology being developed. Crotyl bromide was added to the amine 2.32 neat (scheme 
2.27). The reaction proceeded relatively cleanly and required simple column chromatography 
to purify. The structure was confirmed by 'H NMR, \3C NMR, IR spectroscopy and mass 
spectrometry . 
l}~Br 
Br 2 h Br J rt, J 
~NHBn -2}-D-C-M,--" ~N~ 
rt,lh Bn 
2.32 87% 2.22 
Scheme 2.27: Synthesis of the amine 2.22. 
Even though the synthesis of the amine 2.22 was successful only a small quantity was 
obtained. We thought that this may pose a problem with respect to cyclisation. 
2.3.2 Cyclisation of the (E)-N-benzyl-N-(3-bromobut-3-enyl}but-2-en-l-amine 
With the successful synthesis of the amine 2.22 we were able to submit it to palladium and 
radical cyclisation conditions. Unfortunately, the reactions had to be carried out on small scale 
due to the lack of material. 
The amine 2.22 was submitted to a set of palladium-mediated conditions. The reaction was 
carried out using standard Heck conditions (scheme 2.28). The reaction was stopped after 24 
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h. The IH NMR spectrum of the crude reaction showed the reaction to be very unclean. 
Comparison of the 1 H NMR spectrum of the amine 2.2 and the crude cyclisation reaction 
appeared to show that the quantity of the amine 2.2 had been reduced. 
~ N 
I 
Bn 
2.33 
Scheme 2.28: Attempted cyclisation of the amine 2.22. 
Purification by extraction with 2M HCI (aq) was carried out. During the purification process 
any possible product was lost. The reaction was repeated. The reaction was followed by TLC. 
A complex mixture could be seen so the appearance of any product could not be monitored; 
however, it was possible to follow the consumption of the amine 2.22. After 48 h most of the 
amine 2.2 appeared to have been comsumed and so the reaction was stopped. The reaction 
proved difficult to purify. Column chromatography was carried out and although no product 
was isolated the IH NMR spectrum did become clearer. We were able to make a better 
comparison with the IH NMR spectrum of the amine 2.22. As can be seen in the IH NMR 
spectra there are new proton peaks in the alkene region (figure 2.6). We believed these could 
correspond to the cyclised product 2.33. 
After column chromatography the fraction containing the potential product contained less 
than 10 mg of material. We were unable to further purify this fraction and, therefore, were 
unable to identify the product. However, we feel the evidence points towards the formation of 
the cyc1ised product; the integration of the protons in the IH NMR spectrum corresponds to 
the cyc1ised product and not the product of reduction. Due to the lack of the amine 2.22 
available we were unable to repeat the reaction. 
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Figure 2.6: Comparison of the spectrum of the amine 2.6 and potential cyclised product. 
The amine 2.22 was next submitted to radical cyclisation conditions (scheme 2.29). The 
reaction was stopped after 24 h. After initial purification to remove some of the organotin by-
products the IH NMR spectrum showed a complex mixture. 
Br BU3SnH, 1 _ AIBN ~"N~ ---'X~-·· 
Bn PhMe, 
70°C 
2.22 24 h 
er 
I 
Bn 
2.34 
Scheme 2.29: Attempted radical cyclisation of the amine 2.22. 
The impurities were masking the majority of the spectrum and so we could not see whether 
the product had formed or if the starting material was still present. The TLC of the partially 
purified reaction revealed a complex mixture. Column chromatography was carried out with 
little success. No trace of either product or starting material could be seen in the IH NMR of 
any of the fractions collected from the column. We were unable to say whether the reaction 
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had worked. As before we were unable to repeat the reaction due to the lack of available the 
amine 2.2. We thought that we had spent enough time in this area and thought that the 
synthesis was too lengthy to repeat. 
2.3.3 Synthesis of (E)-N-benzyl-N-[(Z)-4-bromobut-3-enyl]but-2-en-l-amine 
As with the synthesis of the amine 2.2 one of the major components of the amine 2.25 had to 
be synthesised as it was not commercially available. Previously in the Pritchard group the 
amine 2.40 had been synthesised (scheme 2.30). We envisaged that we could utilise this 
synthesis in the preparation of our compound. In section 2.3 we proposed to synthesise the 
(Z)-1,4-dibromobut-I-ene 2.26 and use it to alkyl ate benzyl amine in order to reach the desired 
amine 2.25 (scheme 2.19). However, the discovery of the synthesis of the amine 2.40 led us to 
follow an alternative route. 
~OH OH TsNHNH2, ...a _.::B,.:,r2::,.' K==O.::H~ ~ NaOAc H :::::"" H20, 0 °C • Br~ THFIH20 (1:1), 
3 h Reflux, 4 h 
89% 2.35 87% 
o . 
;b PotassIUm ~N • phthalimide Br ~ ~ 2-Butanone, o _ Reflux, 
24h 
2.39 51% 
Hydrazine 
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~NH2 
Br 
2.40 
~I 
Br 
2.38 
NaI, 
Acetone, 
Reflux, 
24h 
82% 
~H 
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2.36 
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DCM, 0 °C to rt, 
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Scheme 2.30: Pritchard group synthesis of the amine 2.40. 
3-Butyn-I-ol is the first precursor in the reaction; this was useful as we had already used this 
in the synthesis of the amine 2.22. We thought that we could carry out the synthesis of the 
amine 2.25 in two ways. The first method would be to complete the synthesis seen in scheme 
2.30 to gain the amine 2.40. The amine 2.40 could then be gained in two further alkylation 
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steps using benzyl bromide followed by crotyl bromide (scheme 2.31). However, we felt that 
this method contained a major flaw. An excess of the amine 2.40 would be required to ensure 
monoalkylation. We felt that this would be wasteful with regard to time spent synthesising the 
amine 2.40. 
~ ~~~~!_~~~~~e .. ~ /Bn Crotyl bromide I NH2 I ~ --------------- .. ~~~ 
Br Br Br Bn 
2.40 2.41 2.25 
Scheme 2.31: Method one for the proposed synthesis of the amine 2.25. 
We felt that the second method was a better choice. During the synthesis of the amine 2.25 the 
(Z)-I-bromo-4-iodobut-I-ene 2.38 is synthesised. We thought that we could use this 
compound to directly mono-alkylate benzylamine, when followed by a further alkylation with 
crotyl bromide the amine 2.25 would be achieved (scheme 2.32). This method was more 
appealing than the first method as we not have to worry about the excess of the benzylamine 
because it is available commercially at low cost. It also appeals as there are fewer steps in this 
synthesis than in the first method. 
~I ____ !3::~~ _____ ~i1/Bn _~r_~i?'_l_~~~~i_~~ ~~~ 
Br Br Br Bn 
2.38 2.41 2.25 
Scheme 2.32: Method two for the proposed synthesis of the amine 2.25 
It is worth mentioning at this point that one further method was envisaged in the synthesis of 
the amine 2.25. We proposed that we could synthesise the imine 2.42 using the amine 2.40 
and benzaldehyde. This would eliminate the need for an excess of the amine 2.40. The imine 
could then be reduced by NaB~ for example to give the amine 2.41. It then follows the two 
previous syntheses in that the amine 2.41 is alkylated with crotyl bromide to gain the target 
amine 2.25 (scheme 2.33). 
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2.40 2.42 ""~,~~,uction 
',,-
~N ... Bn 
Br H 
2.41 
~~~ .2:?~~_~~~~_i?: __ 
Br Bn 
2.25 
Scheme 2.33: Method three for the proposed synthesis of the amine 2.25. 
Although this synthesis would potentially overcome the flaw mentioned for the first method, 
the overall synthesis is lengthier than the second synthesis and so we discounted this method 
for now, we thought we could explore this method if for some reason the second synthetic 
method did not work or the amine was produced in very low yields. 
After deciding the route which we were going to follow we set about carrying out the 
synthesis of the amine 2.25. The first step was the bromination of the terminal alkyne of 3-
butyn-l-ol. The bromination was achieved using literature methodology.2.7 The 4-bromobut-
3-yn-l-oI2.35 was isolated in 89% yield. Due to the volatility of the alcohol 2.35 purification 
was kept to a minimum. Fortunately the alcohol 2.35 was isolated relatively cleanly from the 
reaction. The C=C of the alkyne was then selectively reduced to give eis-geometry of the 
C=C double bond using literature procedure (scheme 2.34).2.8 
Br2, TsNHNH2, 
... ~OH --.:K::;:0::.:cH=--.._ ~OH NaOAc .. ~H 
~ ~ H20, ~ THFIH.O(I:1), B 
° QC Br Reflux, r 
3 h' 12 h 
89% 2.35 80% 2.36 
Scheme 2.34: Synthesis of the (Z)-4-bromobut-3-en-l-oI2.36 in two steps 
The (Z)-4-bromobut-3-en-l-ol 2.36 was isolated in 80% yield after column chromatography. 
Only the eis-geometry about the C=C double bond was seen in the IH NMR spectrum. The 
mechanism for the reaction helps to explain why only one isomer is seen. The hydrogens are 
delivered to the same face of the alkyne C=C (scheme 2.35). 
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N~ 
I \ 
H H 
· (-.J 
Br "-
2.35 OH 
-N2 
• ~OH 
Br 
2.36 
Scheme 2.35: Mechanism for the cis reduction of 4-bromobut-3-yn-l-oI2.35 
Next the hydroxyl group of the alkene 2.36 was activated by conversion into the mesylate 
2.37. As mentioned in the synthesis of the the 2-bromo-4-iodobut-l-ene 2.31 this activation 
was necessary for the next step in the synthesis. The (Z)-4-bromobut-3-enyl methanesulfonate 
2.37 was achieved in quantitative yield after column chromatography. Functional group 
interconversion via a Finklestein reaction was then carried out. The (Z)-I-bromo·4-iodobut-l-
ene 2.38 was achieved in good yield (scheme 2.36). 
~OH 
Br 
I) Et3N, DCM, NaI 
-2-)-M-S-C.!.?L, O-oC-,-' ~OMS _-..:.,~::ce:.::,e~:::::~:.:.e--;.~ ~I 
12h Br 24h Br 
100% 2.37 84% 2.38 2.36 
Scheme 2.36: Two step synthesis of the (Z)-I-bromo-4-iodobut-l-ene 2.38 
With the synthesis of the alkylating agent complete we were able to assemble the amine 2.25. 
Firstly, benzylamine was monoalkylated with the alkene 2.38 (scheme 2.37). This was 
achieved using excess benzylamine. The (Z)-N-benzyl-4-bromobut-3-en-l-amine 2.41 was 
isolated after column chromatography in 68% yield. The structure was confirmed by IH 
NMR, I3C NMR, IR spectroscopy and mass spectrometry. 
BnNH2, 
~I _....::.:K:..2C:::.0::::..2...3 -.... ~NHBn 
Br DCM, Br 
2.38 
rt, 
5h 
68% 2.41 
Scheme 2.37: Synthesis ofthe (Z)-N-benzyl-4-bromobut-3-en-l-amine 2.41 
The second alkylation of the amine 2.41 was carried out using the methodology developed in 
section 2.2 for the alkylation of secondary amines (scheme 2.38). The (E)-N-benzyl-N-«Z)-4-
bromobut-3-enyl)but-2-en-I-amine 2.25 was isolated after column chromatography in 82% 
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yield. The structure was confirmed by IH NMR, 13C NMR, IR spectroscopy and mass 
spectrometry. 
1) Crotyl bromide, 
neat,rt ~NHBn ____ ~I~h ____ •• 
Br 2) Et20, rt, 
2.41 
2h 
82% 
~N~ 
Br Bn 
2.25 
Scheme 2.38: Synthesis of the amine 2.25. 
The amine 2.25 was achieved in a total of six steps in 33% yield. As for the amine 2.22; we 
were unable to synthesise large quantities of the amine. This was unfortunate with respect to 
the cycIisations as it meant that we would have to carry the reactions out on small scale again. 
2.3.4 Cyclisations of (E)-N-benzyl-N-[(Z)-4-bromobut-3-enyl]but-2-en-l-amine 
Having synthesised the amine 2.25 we were able to submit it to both palladium and radical 
cycIisation conditions. As mentioned in section 2.3 we would expect the amine to cycIise to 
form 7-membered ring structures 2.43 and 2.44 (scheme 2.39). Previously within the 
Pritchard group the formation of 7 -membered ring structures by Heck cycIisations has been 
shown. However, the cycIisations are not as common as the formation of 5- and 6-membered 
ring structures. Likewise with radical cycIisations, 7-exo ring cycIisations are known but rare. 
They are less favourable than 5- or 6-exo cycIisations. 
Scheme 2.39: Proposed cyclic structures from the amine 2.25. 
We submitted the amine 2.25 to palladium cycIisation conditions (scheme 2.40). The 
conditions chosen mirrored those used in the successful formation of 7 -membered used 
previously in the Pritchard group. A microwave was used in the method that we were 
following and unfortunately we did not have access to one. We therefore carried out the 
reaction using a standard heat source and relatively high catalyst loading. The reaction was 
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followed by TLC. After I h a complex mixture was seen by TLC and so we were unable to 
follow any product formation. After 24 h, the amine 2.25 could still be seen by TLC and did 
not appear to be consumed. 
Pd(PPh3)4(20 mol%) 
~N~ Et3N 
I" Bn X· 
Br MeCN, 
Reflux, 
2.25 28 h 
Scheme 2.40: Attempted cyclisation of the amine 2.25 with palladium. 
The reaction was stopped after 28 h. The IH NMR spectrum of the crude reaction reaction 
revealed a complex mixture. Column chromatography was carried out and the amine 2.25 was 
isolated in 94% yield. This meant that if cyclisation had occurred it would be in less than 6% 
yield. However, we did not isolate any other product from the column chromatography. This 
suggested to us that the remaining amine may have been lost during the purification process. 
We attempted the reaction again using different reaction conditions (scheme 2.41). The 
reaction was followed by TLC. However, as for the previous reaction a complex mixture was 
seen by TLC and so any product formation could not be followed. The reaction was stopped 
after 24 h. 
Pd(OAc)2 
~N~ ___ E1ft3N __ ~ 
r X • Br Bn DMF, 
100°C, 
2.25 24h 
Scheme 2.41: Attempted cyclisation of the amine 2.25. 
The IH NMR spectrum of the crude reaction mixture revealed the presence of the starting 
material amine 2.25 in a large quantity. We carried out column chromatography but we only 
isolated the amine 2.25 in greater than 90% yield. As no cyclic product was isolated from the 
column we had to conclude that the cyclisation was not occurring. We would expect the 
cyclisation to occur via a 7-exo-trig pathway which according to Baldwins' rules should be 
favoured.z.t As the cyclisation is favoured the failure of the reaction must be attributed to the 
palladium conditions. We believe that if we had access to a microwave the cyclisation may 
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have occurred. We were unable to screen more palladium conditions as we did not have 
enough of the amine 2.25 to carry out more reactions. This was not overly disappointing as 
we felt without the use of a microwave our attempts would be futile. 
Next the radical cyc1isation of the amine 2.25 was attempted. Catalytic tributyltin hydride and 
AIBN were the chosen reagents for the reaction (scheme 2.42). We felt that using catalytic 
tributyltin hydride would aid us with respect to purification and identification at the end of the 
reaction. 
~N~ 
Br Bn 
2.25 
BU3SnCI, 
NaBH4 
X .. 
AIBN, 
2-propanol, 
70°C 
7h 
Scheme 2.42: Attempted radical cyclisation of the amine 2.25. 
The reaction was stopped after 7 h once the AIBN had been consumed. The IH NMR of the 
crude reaction appeared to show only the presence of the amine 2.25. Despite the use of the 
catalytic quantity of organotin the purification of the reaction still proved difficult. The 
retrieval of the amine 2.25 by column chromatography was relatively easy. We were not able 
to isolate the amine 2.25 cleanly as the organtin by-products were still present however, we 
were able to conclude that we had retrieved the majority of the starting material. We did not 
isolate any products from the reaction and with the retrieval of the amine 2.25 we concluded 
that the cyclisation had not occurred. We had not expected this cyc1isation to occur so were 
not too disappointed. No repetitions of the radical reaction were carried as 7 -exa cyclisations 
within radical cyc1isations are rare because of unfavourable entropy. Therefore, we felt 
altering the cyc1isation conditions would prove to have no marked effect. 
2.3.5 Conclusions 
Disappointingly, we have not achieved what we set about to with the research in this chapter. 
The aim of this research was to carry out cyclisations using both palladium and radical 
methodology. Unfortunately, the cyclisation reactions that we carried out proved to be 
unsuccessful. At the beginning of this chapter we reported the attempted cyc1isation of small 
simple molecules. However, we had to conclude that the molecules were maybe too simple 
and that they were not cyclising because of the strain that would be created in the ring 
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structures upon cyclisation. The latter part of this chapter aimed to prove the theory of strain. 
However, with the lengthy synthesis of the amines 2.22 and 2.25 we were unable to produce 
enough of the compounds to carry out satisfactory cyclisations using both palladium and 
radical conditions. With regards to the amine 2.22 there appeared to be some success, the IH 
NMR appeared to show the cyclised product. We were unable to isolate the product and so 
cannot say for certain that the product was the cyclised product thus proving the strain theory. 
The radical cyclisation of the amine 2.22 was disappointing, purification of the reactions 
involving organotin are generally quite difficult and in this case we were unable to isolate any 
possible product from the reaction. For the amine 2.25 the lack of cyclisation was not wholly 
unexpected as the 7 -exa cyclisations for both palladium and radical conditions are rare. 
We felt we had spent enough time on this area of research as we had had no positive results. 
As the aim of the research was to compare palladium and radical methodologies the lack of 
progress was hindering the comparisons. In order to be able to make these comparisons we 
needed some success with regards to the cyclisations. Therefore, we decided to explore other 
cyclisation conditions. In the following chapters we report more successful reactions allowing 
us to make comparisons of the two methodologies. 
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3 Radical Cyclisation followed by atom transfer 
3.1 Introduction 
With the difficulties encountered with both radical and palladium catalysed methods, we 
sought to find an improved protocol to carry out these reactions. A literature search produced 
several papers of interest on the topic of atom transfer radical cyclisation (ATRC). Clark has 
reported that certain copper(I) halide complexes can mediate the ATRC of nitrogen 
heterocycles.3.1 Precursors synthesised in section 2.1 have similar structures to those used by 
Clark. In one communication Clark reports the use of copper(I) halide complexes of N-allyl-
2-pyridylmethanimines to catalyse A TRC of both activated and unactivated a-halo-N-
allylacetamides. Cyclisations were carried out using 30 mol% of both the Cu(I) halide and the 
ligand; DCM was used as the solvent in most reactions and the majority of the cyclisations 
were carried out at rt (scheme 3.1). 
Cl 
CllRj 
o N 
I 
R2 
R2=TsorBn 
RI=MeorH 
30mol%CuCl 
30 mol% ligand 
DCM 
rt 
• 
R~.f..rCI 
0--1..) + 
N 
I 
R2 
Scheme 3.1: example of conditions and precursors used by CIark 
The above example shows the general structures used by Clark. The precursors contain two 
halides on a Sp3 C-centre, in most cases the protective group used is either a tosyl or a benzyl 
group. In comparison, the precursors synthesised in the previous chapter on for which this 
methodology was considered contain a single halide on a Sp2 centre. Similarities between the 
molecules include the choice of protecting group and the tendency for the molecules to 
undergo 5-exo cyclisations. No examples of ATRC on Sp2 centers could be found in the 
literature. Therefore, if the methodology was successfully applied to the precursors 
synthesised in the previous chapter it would be a novel and interesting set of results which 
would add to the research already carried out. 
In the literature Clark took an in depth look at the ligands which can be used to complex the 
copper.3.1 A variety of ligands were used to activate the copper which are able to cyclise tri-, 
di- and mono-halo derived substrates. The range of ligands tested was far wider than required 
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for the following research. As the initial aim of this work was to achieve cyclisation, a simple 
ligand was the ideal choice for the reactions. If the reactions were found to be successful then 
optimisation using various ligands could be explored. The N-allyl-2-pyridylmethanimine 
ligands appeared to be the simplest in terms of production and usage and therefore created the 
stating point for this area of work. 
3.2 Results and Discussion 
The first step was to synthesise the ligand 3.1. The N-(pyridine-2-ylmethylene )pentan-l-
amine 3.1 was chosen as the starting materials for this imine were readily available.3.2 
Standard imine formation conditions were applied to pyridine-2-carboxaldehyde and N-
pentylamine (scheme 3.2). This resulted in formation of the imine 3.1 in 84% yield. The 
imine 3.1 required no further purification after the work up and so could be carried onto the 
next stage easily. 
~o ~N + 
Scheme 3.2: synthesis of imine 3.1. 
To ensure the methodology could be repeated, a test reaction was carried out. Initially, an 
example similar to the precursors shown in Clarks' papers was synthesised. The precursor 
was chosen for its simplicity and the availability of the starting materials. It was envisaged 
that coupling 2,2,2-trichloroacetic acid with the sulfonamide 3.3 would give the desired 
sulfonamide 3.2 (scheme 3.3). 
> 
3.2 
~NHTs 
+ 3.3 
o 
HoAcCl3 
Scheme 3.3: Reterosynthesis of sulfonamide 3.2. 
The trichloroacetic acid was activated using DCC followed by the addition of the sulfonamide 
3.3. The reaction was monitored by TLC. After 3 h, there were no signs of a spot forming on 
the TLC plate and so the reaction was left for a further 3 h. After this time there was still no 
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trace of a new spot, however, from previous experience of DCC couplings, this should have 
been sufficient time. Analysis of the crude product using IR and IH NMR spectroscopy did 
not indicate any product. The reaction was repeated again and the reaction was left to stir over 
night (scheme 3.4). Again analysis using IH NMR spectroscopy revealed nothing new. This 
time the crude reaction was submitted to GC-MS but no mass corresponding to the 
sulfonamide 3.2 could be detected. 
~NHTS 
3.3 
Scheme 3.4: attempted preparation of sulfonamide 3.2. 
The acid chloride was commercially available so we decided to try to form the sulfonamide 
using 2,2,2-trichloroacetyl chloride. The sulfonamide 3.3 was placed in solution with Et3N 
and the solution cooled to 0 cc. The trichloroacetyl chloride was added to the solution and the 
reaction was left to stir over night. The reaction solution was subjected to TLC on several 
occasions, however, once again no new spot formed (scheme 3.5). 
1) Et3N Ts 
3.3 
--"D,-"C""M..,.,....,rt,-... ~N'w"'CCI3 
2) 0 11 Cl~CI3 0 
o °C-rt 3.2 
~NHTS 
16 h 
60% 
Scheme 3.5: preparation of snlfonamide 3.2. 
IH NMR spectroscopy on the crude product after the work-up showed the three alkenic 
protons and that the CH2 had shifted downfield significantly, suggesting that the desired 
product had formed (figure 3.1). The reaction mixture was further purified by column 
chromatography. IR and l3C NMR spectroscopy further proved the sulfonamide 3.2 had been 
formed in a 60% yield. 
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0 1\ 3 1)l 
3\ ~N CCI 2\ 2 I l Ts 
j ], 
3~ 1 
3\ ~NH 1\ 2\ 2 I Ts 
i 
, , , , , , , , , , 
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 pp 
Figure 3.1: In NMR spectra to show shift in protons ofsulfonamide 3.3 and 
sulfonamide 3.2. 
The sulfonamide 3.2 was subjected to the ATRC conditions used by Clark (scheme 3.6).3.1 
The reaction gave the desired pyrrolidinone 3.4; this was confirmed by Ill, \3C NMR and IR 
spectroscopy and mass spectrometry because the data was not available in the literature. The 
pyrrolidinone 3.4 was obtained in a low 32% yield. However, this yield was left unoptimised 
because these such precursors have already been shown to cyclise in good yields. The focus 
of this work was to see if the precursors from the previous chapter would cyclise under these 
conditions. 
Ts 30 mol% Cu(I)Cl CD Cl Cl 
~N CCl3 • 7" Y 30 mol% imine 3.1 
° DCM ON 
rt,2h I 
32% Ts 
3.2 3.4 
Scheme 3.6: ATRC reaction to form pyrolidinone 3.4. 
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Having successfully applied the ATRC conditions to the precursor 3.2 the next stage was to 
apply the methodology to the one of the precursors from chapter 2. We decided to use the 
sulfonamide 2.17, this was chosen because this precursor bore more of a resemblance to those 
in the literature. The sulfonamide 2.17 was subjected to the ATRC conditions and the reaction 
was monitored by TLC (scheme 3.7). However, the lH NMR spectrum of the crude reaction 
showed only starting material. 
lBy 
N 
I 
Ts 
2.17 
30 mol% Cu(I)Cl 
)( .. 
30 mol% imine 3.1 
DCM 
rt, 24 h 
VB'/CI 
I 
Ts 
3.5/3.6 
Scheme 3.7: Attempted ATRC ofsulfonamide 2.17. 
It was apparent that Clark only used the Cu(I) halide corresponding to the halide on the 
precursor. Thus far, only Cu(I)Cl had been used with both the bromine containing precursors. 
The next attempt made at the ATRC reaction was using the sulfonamide 2.17 again but 
Cu(I)Br was used to complex the ligand. After 24 h, the reaction was stopped and the initial 
purification was carried out (scheme 3.8). The lH NMR spectrum of the crude reaction again 
showed no trace of the desired product. As a precaution the crude sample was subjected to 
GC-MS but the spectra showed no mass corresponding to the cyclised product. The GC-MS 
showed that no reduced product was present in the sample which suggested that C-Br bond 
may be too strong to be broken by the copper complex, and therefore, it follows then that 
cyclisation cannot occur. 
30 mol% Cu(I)Br 
x .. 
30 mol% imine 3.1 
DCM 
rt, 24 h 
VB' 
I 
Ts 
3.5 
Scheme 3.8: Attempted synthesis of indoline 3.5. 
Thus far only the sulfonamides 2.17 had been subjected to the ATRC conditions. As Clark 
uses mainly amides it was decided to synthesis a new precursor on which to apply the ATRC 
conditions. An amide similar to one which had been made in the previous section was 
synthesised. Clark notes that the problem with rotamers, which have caused problems with 
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the NH of the ami des 2.5 and 2.6 for example, can be lessened by using an alternative group 
on the nitrogen atom such as a tosyl-group. We considered that that the sulfonamide 3.7 from 
could be synthesised from the toysl-protected 2-iodoaniline 3.8 and crotonyl chloride (scheme 
3.9). 
o (XI 0 Cl~(X1 1 b 11 ob· >1 b N~ NH TsCl (XI ===» 1 h NH2 
I I 
Ts Ts 
3.7 3.8 
Scheme 3.9: Proposed reterosynthesis synthesis of sulfonamide 3.7. 
Taking 2-iodoaniline and following a literature procedure, the primary amine was converted 
into the sulfonamide 3.8 using pyridine as both the base and solvent (scheme 3.10}.3.3 Despite 
this being a literature procedure, only a 36% yield was obtained compared to the reported 
yield of 95%. In a repeat of the reaction the yield dropped to 28%. The purification of this 
reaction caused problems because of the difficulty of removing the pyridine. The literature 
method used a 10% CUS04 solution to remove the pyridine. However, this was a messy 
process and probably caused a large amount of product to be lost. 
C(~H2 -O....,S::-;_I - C(~H 
N I 
rt, 1.5 h Ts 
36% 3.8 
Scheme 3.10: Synthesis of sulfonamide 3.8. 
Despite the low yield, enough of the sulfonamide was obtained to be able to take it onto the 
next stage of the study. The sulfonamide 3.8 was reacted with crotonyl chloride in the 
presence ofEhN to yield the desired sulfonamide 3.7 in a 70% yield (scheme 3.11). 
(XI 1 b NH 
I 
Ts 
3.8 
I) Et3N 
RT,DCM 
o ~ 
2} 11 Q Cl~ 
o °C_rt 
6h 
70% 
(XI 0 IbN~ 
I 
Ts 
3.7 
Scheme 3.11: Synthesis of sulfonamide 3.7. 
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The newly formed sulfonamide 3.7 was subjected to the ATRC conditions as before (scheme 
3.12). The reaction was once again left for 24 h, and once again no trace of the cyclised or 
reduced product could be observed by TLC or lH NMR spectroscopy. From these results it 
was proposed that perhaps the Sp2 C-I bond was too strong and it simply was not being 
cleaved during the reaction. 
CCI 0 30 mol~ Cu{l}Cl. ~ N~ 30 mol% imine 3.1 
I DCM 
Ts rt 24 h 
3.7 ' 
Scheme 3.12: Attempted synthesis of indolinone 3.9. 
To round up this area of work we attempted to prepare two further precursors. The desired 
precursors are close to the structure of the sulfonamide 3.2, with the Sp2 carbon centre as the 
exception in these two molecules. The closeness of the following precursors to the 
sulfonamide 3.2 would show once and for all if in fact it is strength of the C-halide bond 
stopping the ATRC reaction from occurring. 
Both of the precursors were to be based in the sulfonamide 3.2 with the first precursor 
involving the addition of a 2-chlorobenzoyl chloride and the second involving the addition of 
2-chloroacrylic acid, both of which are commercially available. We envisaged that a simple 
acylation using standard conditions of the sulfonamide 3.3 could be achieved using the 2-
chlorobenzoyl chloride. This was in fact the case, with the sulfonamide 3.10 being formed in 
a reasonable yield of68% (scheme 3.13). 
~NHTs 
3.3 
2}('yCI ~a 
o 
o °C_rt 
6h 
68% 
~~ ~ Cl o N~ 
Ts 
3.10 
Scheme 3.13: Synthesis of sulfonamide 3.10. 
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The sulfonamide 3.10 was subjected to the ATRC conditions used in the successful 
cyclisation of the sulfonamide 3.2. The reaction was followed, once again, by TLC, after 2 h, 
no new spot could be seen. Therefore, the reaction was left for a total of 72 h before 
termination. Again IH NMR spectroscopy showed no trace of the desired cyclised 
dihydroisoquinolinone 3.11 (scheme 3.14). From this result, it was proposed that the Sp2 
carbon-halide bond was too strong, therefore, the Cu(I) complex was not able to insert and 
carry out the ATRC. However, to further back up this proposal further we decided to 
investigate the second precursor as described above. 
£~ .& I 30 mol% Cu(I)CI C }( 11 a N~ 30 mol% imine x.x 
DCM 
Ts rt 72 h , 
3.10 3.11 
Scheme 3.14: Attempted ATRC reaction ofsulfonamide 3.11. 
We considered that a simple coupling reaction between the sulfonamide 3.3 and 2-
chloroacrylic acid would give us the desired sulfonamide 3.12. The 2-chloroacrylic acid was 
activated with DCC and the sulfonamide 3.3 was added to the reaction. The IH NMR 
spectrum of the crude reaction seemed promising, however, the DCC by-products of the 
reaction were masking parts of the spectra. After further purification by column 
chromatography it could be seen that no coupling had occurred with merely retrieval of the 
starting materials. The reaction was repeated again this time using EDCI as the coupling 
reagent as the water soluble by-products it produces at the end of the reaction are more easily 
removed than those of DCC. The EDCI coupling reaction was carried out using standard 
conditions (scheme 3.15) but IH NMR spectroscopic data revealed that once again only 
starting material was present. 
o 
~NHTs+ HO~ 
3.3 Cl 
EDCI 
x • 
DCM 
rt-O °C_rt 
16 h 
o 
~N~ 
Ts Cl 
3.12 
Scheme 3.15: Attempted synthesis of su1fonamide 3.12. 
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We considered that the presence of the toysl group could be hindering the coupling reaction. 
As the acyl chloride of the 2-chloroacrylic acid was not commercially available there were 
two choices, the acid could be converted into the acid chloride 3.13 using thionyl chloride 
(scheme 3.16). 
o 
~N.Jl h-T~ T 
3.12 Cl 
o 
====» ~NHTs + Cl~ 
3.3 3.13 Cl 
~ SOCl, 
o 
HO~ 
Cl 
Scheme 3.16: Method 1 to the synthesis of the sulfonamide 3.12. 
The other route would be the coupling of the 2-chloroacyrilic acid and allylamine which could 
be carried out followed by tosylation of the amide 3.14 (scheme 3.17). The latter option was 
initially chosen as this appeared to be the easiest route to the sulfonamide 3.12. 
o 
~N~ 
Ts Cl 
3.12 
o ~NH2 
TsCl .Jl h- EDCI 
===» ~N· T ===» ~ 
H Cl HOJl h-
3.14 - T 
Cl 
Scheme 3.17: Method 2 to the synthesis of the sulfonamide 3.12. 
Once again standard EDCI coupling conditions were applied, 2-chlorobenzoyl chloride was 
activated by the EDCI followed by the addition of allylamine (scheme 3.18). The desired 
sulfonamide 3.14 was obtained after work-up without any further purification required. The 
product was characterised using IH and \3C NMR and IR spectroscopy. 
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o 0 
~ Jl.fi EDCI ~ Jl .fi ~NH2 + HO· T DCM • ~N' T 
Cl RT-O °C-RT H Cl 
7h 
52% 3.14 
Scheme 3.18: Synthesis of amide 3.14. 
Our initial thoughts were that the tosylation of the amide 3.14 would be straightforward, 
however, this was not the case. The procedure which had been previously used to form the 
sulfonamide 3.3 resulted in starting material (scheme 3.19). We proposed that the nature of 
the amide 3.14 was probably stopping the tosylation occurring. 
o 1) Et3N 
~ DCM ~ x' ~ 2) TsCl Cl O°C-rt 
o 
~N~ 
Ts Cl 
3.14 12 h 3.12 
Scheme 3.19: Attempted synthesis of sulfonamide 3.12. 
A final attempt to synthesise the sulfonamide 3.12 was carried out using pyridine and tosyl 
chloride (scheme 3.20). The reaction was attempted as before, purification proved difficult 
due to the pyridine. No product was isolated from this reaction and no further attempt was 
made to synthesise the precursor. 
o 
~N~ 
Ts Cl 
3.12 
Scheme 3.20: Attempted synthesis of the sulfonamide 3.12. 
3.3 Conclusions 
We considered that enough time had been spent on this area of research without any result. 
Although Clark reported many successful results using ATRC reactions only halides on Sp3 
carbon centres were used. No references have been found in the literature that reports this 
chemistry on halides on Sp2 centres. It may be the case that this chemistry has been tried on 
Sp2 centres before and has not been reported due to the failure of the substrates to cyclise. If 
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this chemistry has not been carried out before at least it is now known that these types of 
reactions will not work on the substrates described so far in this report. We had directly 
repeated one of Clark' s reactions to prove to ourselves that it did in fact work in our hands. 
We propose that it can safely be concluded that ATRC conditions cannot be successfully 
applied to halides on Sp2 centres as a variety of substrates were tested including those closely 
related to the working example tried from Clark's work. 
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4 CycIisations of the ImidoyJ Moiety 
4.1 Introduction 
Thus far it has not been possible to compare radical and palladium methodologies as none of 
the cyclisations carried out have been successful. Therefore, we sought to find new 
methodologies which could be used to compare palladium-mediated and radical reactions. 
Imines have been shown to be precursors to imidoyl radicals.3.t Literature reports have shown 
that the imidoyl-H can be easily abstracted using electrophilic i-PrO· radicals. The abstraction 
is kineticalIy favoured due to the nucleophilic nature of the imidoyl-H. Leardini and co-
workers have utilised these imidoyl radicals in both inter- and intramolecular reactions. 4•1 The 
intermolecular reactions involve the addition of the imidoyl radicals to carbon-carbon 
multiple bonds. The intramolecular reactions of the imidoyl radicals have been used to form 
phenanthridines (scheme 4.1). 
-:71 
:::,... (i-C#70COZ)Z 
• PhH 
X 60°C X 
X=CI,H,OMe 
Ar = PhCl, PhN02, PhOMe 
Scheme 4.1: Cyclisation ofimidoyl radicals to from phenanthridines 
In order to be able to make comparisons we sought to find a structure on which palladium 
methodology could be applied. Alongside the preparation of the imidoyl radicals, a 
completely novel protocol using imidoyl halides and selenides as novel precursors for Pd-
catalysed cyclisation was planned. Previous work in this area has been undertaken on 
carbamoyl-selenides.4•2 The findings from this work suggest that when the chemistry is 
applied to imidoyl halides and selenides oxidative addition will occur generating an imidoyl-
Pd intermediate (scheme 4.2). We hoped that this new protocol could be applied to mono-
imidoyl precursors which will be analogues of the imines for the radical cyclisations. This 
will allow the comparison of the two methodologies. 
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Ph Ph I "'" X .:'~~~~!~~~~?n. ~ 
I A ~ ··· .. cycIisation 
R ~ If ~ .... 
XH~···· \. _..... I 
X= SeR, Cl, Br etc 
R= H, Cl, Me, OMe etc 
H~dOI)X R I ~ 
........ A 
'" 
.' 
.' 
.' 
.. ···reductive 
,i<-- elimination 
R 
Scheme 4.2: Proposed mechanism for generation ofPd-imidoyl intermediate 
R 
We proposed that utilising the findings by Leardini an enhanced methodology could be 
developed. 4.1 Di-isopropyl peroxycarbonate (DPDC) which has previously been used to 
abstract the imidoyl-H is a potentially explosive reagent which requires considerable safety 
precautions and therefore, it is not desirable for synthetic reactions. In place of the DPDC, we 
planned to use di-(tert-butyl)peroxide as it is a safer reagent which is not explosive under 
normal conditions. Homolysis of the di-(tert-butyl)peroxide can be facilitated by heat which 
yields 'BuO', a strongly electrophilic radical which will abstract the imidoyl-H as well as 
carrying out termination of aromatic homolytic substitution by H-abstraction. 
4.2 Results and Discussion 
4.2.1 Synthesis of p-substituted imines 
We decided to carry out the radical cyclisations first. We felt that as similar methodology has 
been used before this would prove to be the easier of the two methodologies. In order to 
develop improved conditions for the formation of phenanthridines from imidoyl radicals the 
imine 4.1 had to be synthesised. After screening several conditions, including Dean-Stark and 
a variety of drying agents, 4 A molecular sieves were found to be the most efficient in the 
synthesis of these imines. The condensation of 2-aminobiphenyl and p-chlorobenzaldehyde 
was carried out in DCM in the presence of 4 A molecular sieves at rt to afford the desired 
imine in 79% yield as bright yellow crystals (scheme 4.3). 
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~ 4 A Mol. sieves +ovl~ "I DCM 
.0 Cl rt 
79% ~ No lA 
4.1 .0 Cl 
Scheme 4.3: Synthesis of biphenyl-2-yl-(4-chlorobenzylidene)-amine 4.1. 
The imine 4.1 was characterised by IH NMR spectroscopy with the imine-H at 8.40 ppm. X-
ray crystallography carried out by Dr. Mark Elsegood on the imine 4.1 confirmed the E-
conformation of the structure (figure 4.1). 
Figure 4.1: Crystal structure of imine 4.1. 
Homolysis of the di-(tert-butyl)peroxide occurs at 120 QC, therefore, a high boiling point 
solvent was required. The first attempt to cyclise the imine 4.1 was carried out in 
chlorobenzene using two equivalents of the peroxide at 125 QC. The IH NMR spectrum 
showed no trace of the desired product. The boiling point of di-(tert-butyl)peroxide is 109 QC 
and therefore, it was decided that homolysis was not occurring as the peroxide was distilling 
and being lost from the reaction before it could reach 120 QC. Therefore, the solution for 
carrying out the reaction was to heat it in a sealed vessel so refluxing would not occur, 
allowing the homolysis of the peroxide. The second attempt to cyclise the imine 4.1 was 
carried out using a Y oungs tube. The vessel was charged with the reactants and solvent (PhCl) 
and the vessel flushed with nitrogen prior to the reaction. The vessel was then sealed and the 
reaction heated using an oil bath which was held at between 140-150 QC to ensure the 
temperature inside the tube was at least of 120 QC (scheme 4.4). As a precaution the reaction 
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was carried out behind a blast screen and at the end of the reaction the vessel was not opened 
until completely cool. 
.. 
140-150°C 
~~ (oil bath) I 48 h 
.0 Cl 48% 4.1 4.2 
Scheme 4.4: Cyclisation of imine 4.1 to 6-(4-chlorophenyl) phenanthridine 4.2. 
The desired phenanthridine could be seen in the IH NMR spectrum of the crude reaction as 
the aromatic-H could be seen at 8.06-8.72 ppm (figure 4.2). In the IH NMR spectrum of the 
clean phenanthridine 4.2 shows a distinctive peak pattern in the lower region of the spectrum. 
We believed this pattern could be used to identity further systems with this general structure. 
Upon purification the phenanthridine 4.2 was isolated as colourless crystals in a moderate 
48% yield. 
, 
a.g B.8 8.7 
If 
, 
8.6 8.5 
1:1 
, 
8.4 8.3 8.2 
I!r 
._~.~~~~~~N •• ~.O~.O~~~O.~W~N~~O~N~~NO.~M 
oOO~~~~NCOO __ H~~~~~"~ __ ~~_"~O~~~~~~.~_"" 
~W~~I.P~~333 
i j j i i 
8.1 8.0 7.9 7.8 7.1 7.6 ppm 
\:~:nsnn:nf-' 
Figure 4.2: H NMR spectrum of phenanthridine 4.2. 
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The yield obtained by Leardini using DPDC was significantly higher and could not be 
overlooked, however, after the work in previous sections we felt that any result was 
• 4.1 
encouragmg. 
In order to test the scope of the reaction it was decided to prepare a range of imines. Leardini 
and co-workers explored varying several positions around their imines.4.1 However, Leardini 
only used a sman variety of substituents at each of the positions. We decided at this stage to 
vary only one position on the imine ring system. Therefore, condensation of 2-aminobiphenyl 
with a variety of p-substituted benzaldehydes afforded a range of imines (scheme 4.5, table 
4.1). The substituents were chosen for the varying nature of the functional groups to see if 
they would exhibit any marked effect on the cyclisation of the imines. 
~ 4 A Mol. sieves + O~ I ~ DCM' I 4- R NHz 
Scheme 4.5: Formation of imines 4.3-4.9. 
An imines were prepared in reasonably high yields. The imines isolated as oils posed a 
greater problem of hydrolysis than the crystalline imines. To obtain a more accurate yield 
with respect to the cyclisations a IH NMR spectrum just before the cyclisation reaction was 
carried out. From this the quantity of the imine could be more accurately determined. An 
imines were fully characterised, an showing the distinctive imine-H peak at between 8.40-
8.60 ppm in the IH NMR spectrum. 
Entry Imine R Yield % 
1 4.3 H 60 
2 4.4 Me 66 
3 4.5 'Bu 68 
4 4.6 OMe 78 
5 4.7 CF3 58 
6 4.8 NMe2 66 
7 4.9 N02 86 
Table 4.1: Yield of imines 
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The imines 4.3-4.9 were submitted to the radical cyc1isation conditions (scheme 4.6). 
Phenanthridines 4.10-4.16 were obtained in moderate yields (table 4.2). There was no 
significant difference in results with respect to the effect of the functional groups on the 
cyc1isations. The highest yield was obtained with the trifluoromethyl substituted imine with 
the lowest yield obtained with the tert-butyl substituted imine. 
CBuOh 
PhCl 
• 
h 140-150°C 
N~I ~ (oil bath) 
~ 48h 
R 
Scheme 4.6: Cyclisation to form phenanthridines 4.10-4.16. 
Entry Phenantridine R Yield % 
1 4.10 H 40 
2 4.11 Me 44 
3 4.12 'Bu 39 
4 4.13 OMe 50 
5 4.14 CF3 51 
6 4.15 NMe2 42 
7 4.16 N02 46 
Table 4.2: Yields of phenanthridines 
The mechanism for the formation of the phenanthridines is that of homolytic aromatic 
substitution. The 'BuO· radical abstracts the imine-H forming the imidoyl radical. In theory 
this radical could then either react with another radical, abstract a H from another imine 
molecule or as in the formation of the phenanthridine, the radical can add onto the phenyl 
ring. The addition of the imidoyl radical onto the phenyl ring sets up the 6-exo cyclisation. 
The homolytic aromatic substitution is then terminated by H-abstraction by another radical 
such as'BuO· (scheme 4.7). 
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CCPh~~.otB_u ____ 
N I ~ 
h R 
Scheme 4.7: Mechanism for the formation of phenanthridine by aromatic homolytic 
substitution. 
With the successful cyclisation of the imines 4.3-4.9 via the corresponding imidoyl radical we 
moved to investigate the potential of palladium to catalyse the cyclisation of imines. There is 
precedent in the literature to suggest that palladium will insert into C-H bonds.4.3 Having 
cyclised a range of imines with radical methodology we investigated whether palladium could 
be used to cyclise the imines as welL We hoped that the imine C-H bond would be activated 
so the palladium would be able to insert into the bond. The imine 4.1 was chosen to test the 
palladium methodology. The first attempt to cyclise the imine was carried out using general 
palladium conditions (scheme 4.8). No trace of the desired product could be seen in the IH 
NMR spectrum. 
Pd(PPh3)4, 
Et3N 
X .. 
h DMF N~I "::: 80°C 
. ~ 24h 
4.1 Cl 
Scheme 4.8: Attempted cyclisation of the imine 4.1 using palladium methodology. 
Another attempt to react the imine with palladium was made. This time the source of 
palladium was altered to palladium acetate to see if this would make a difference (scheme 
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4.9). Once again no trace of the desired product could be seen in the IH NMR spectrum. The 
crude mixture was purified by column chromatography which showed that both the imine and 
the hydrolysis products were retrieved from the reaction. 
Pd(OAch 
X .. 
~ DMF N~I '-'::: 80°C 
. ~ 24h 
4.1 Cl I 
Scheme 4.9: Attempted cyclisation of imine 4.1 with different palladium source 
This was inconclusive because if the palladium had inserted into the C-H bond and been 
reduced the product of this would be the imine. The presence of the imine at the end of the 
reaction, however, showed that the palladium would have the opportunity to react the imine. 
Having no result from these reactions was not deterring as the original proposal was to cyclise 
imidoyl selenides and imidoyl chlorides with palladium. 
4.2.2 Synthesis of p-substituted imidoyI selenides 
As the attempts to cyclise imines using palladium were unsuccessful a different approach had 
to be taken. Imidoyl selenides have previously been used as precursors in radical 
chemistry.4.4,4.5 However, there are no reports in the literature to our knowledge of palladium 
insertion into the C-Se bond of imidoyl moiety. The synthesis of imidoyl selenides is well 
documented.4.4,4.5 Literature procedures were followed to synthesise the imidoyl selenide 
analogue of the imine 4.1. In order to synthesise the imidoyl selenide 4.18 the amide 4.17 was 
first synthesised. Synthesis of the amide 4.17 was carried out on a relatively large scale from 
2-aminobiphenyl and p-chlorobenzoyl chloride using standard coupling conditions (scheme 
4.10). The amide 4.17 was achieved in good yield, 64%. 
o 
+CI~ ~CI 
Et3N r(Y, '-":: PhO 
DCM- ~-N~ o °C-rt " 
6h H I 
64% 4.17 ~ Cl 
Scheme 4.10: Synthesis of the amide 4.17. 
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Having synthesised the amide it was converted into the imidoyl selenide 4.18 using protocol 
developed within the Bowman group. This protocol was developed because the yields 
obtained by Bachi and co-workers were too IOW.4.4 This novel protocol utilises diphenyl 
diselenide which is less toxic than dialkyl selenides and has virtually no odour. The formation 
of the imidoyl selenide 4.18 was achieved by conversion of the amide into the imidoyl 
chloride with phosgene. The imidoyl selenide 4.18 was then generated in situ using K-
selectride® to reductively cleave the diphenyl diselenide (scheme 4.11). The imidoyl selenide 
4.18 was achieved in a 60% crude yield. It has been shown that purification of the imidoyl 
selenide by column chromatography can lead to decomposition therefore, at this stage no 
attempt to purify the product was made once initial analysis had shown relatively clean 
products. 
Ph I) COCI2, DMF Ph a: 0 DCM, Tt, a: SePh 
A N~ 2)~~;e);' ~ N~ 
H._ !lA K-Selectride ._ !lA 
4.17 Cl THF 4.18 Cl 
rt, 16 h, 
60% 
Scheme 4.11: Synthesis of the imidoyl selenide 4.18. 
A generalised mechanism for the formation of imidoyl selenides is shown in scheme 4.12. 
Phosgene is not the most ideal substrate as it is highly toxic. However, the by-products from 
the reaction are HCI and C02 which are both easily removable. An alternative to the phosgene 
would be to use POCh, however, phosphoric acid would be a by-product of the reaction and 
not as easy to remove. As the imidoyl chloride is used crude we did not want a large quantity 
of by-products obscuring the reaction. 
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Imidoyl Selenide 
Scheme 4.12: General mechanism for the formation of the imidoyl selenides. 
The imidoyl selenide 4.18 was initially reacted with catalytic Pd(PPh3)4 (scheme 4.13). A 
TLC of the crude mixture against the phenanthridine 4.i revealed that the phenanthridine was 
present in the crude mixture. Column chromatography gave partial purification. The IH NMR 
spectrum showed traces of the cyclised compound. 
ccPh I "-'::: SePh ~N~ 
._lA 
4.18 Cl 
Pd(PPh3)4 
Et3N 
----------. 
DMF 
80°C 
24h 
4.2 
Scheme 4.13: Attempted cyc1isation of the imidoyl selenide 4.18. 
However, certain peaks within the spectrum were broadened in comparison to the spectrum of 
the phenanthridine 4.2. This broadening suggest the palladium may still be attached to the 
molecule. The reaction was repeated at increased reaction time to see if this could solve the 
problem. The outcome of the reaction was no different from the first attempt suggesting, 
further screening of the reaction conditions was undertaken to try to improve the yield of the 
reaction. Due to the lack of availability of suitable palladium sources the first variable to be 
altered was the solvent type. A variety of solvents were screened, all other variables remained 
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the same except temperature which was held at 80°C for solvents with higher boiling points 
or at reflux for those solvents with boiling points lower than this temperature (table 4.3). 
ccPh I '<::: SePh °N~ 
._ lA 4.18 Cl Cl 
Entry Solvent Tem~erature Yield% 
1 DCM Reflux 0 
2 DMSO 80°C 8 
3 MeCN Reflux 0 
4 Toluene 80°C 15 
5 THF Reflux 0 
6 PhCl 80°C 7 
7 DMF 80°C 4 
Table 4.3: Solvent screening 
Entries 1, 3 and 5 showed no trace of any cyclised product. This is possibly due to the 
decreased temperature. The highest yield of the phenanthridine 4.2 was seen with the 
conditions used in entry 4, therefore it was decided in all future reactions that toluene would 
be the solvent of choice. The next step was to screen the temperature of the reaction. The 
entries which produced no result all took place at low temperature suggesting the reaction 
needs higher temperatures. To test this theory a reaction was carried out using toluene at 60 
QC. The yield of the reaction was significantly reduced to <5%. As expected when the 
temperature was increased to 110 °C refluxing in toluene the yield of phenanthridine 4.2 seen 
was increased to 26%. 
For all the entries in table 4.3 yielding the phenanthridine 4.2, the product which produced 
broadened peaks in the IH NMR spectrum was also seen. It was hoped that this product would 
add to the yield of the phenanthridine if a way of removing the palladium could be found. By 
increasing the amount of palladium in the reaction it was hoped this problem would be solved. 
The reaction was carried out increasing the palladium concentration to 40 mol% (scheme 
4.14). The yield of the phenanthridine increased to 46% and the broadened peaks in the IH 
NMR spectrum disappeared, suggesting the increase in concentration of the palladium had a 
positive effect. 
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ccPh Pd(PPh3)4 (40 mol%) I ~ SePh Et3N.. I ~ ~ N"'<~ PhMe ~ I Reflux 
~ 48h 
4.18 Cl 46% 4.2 Cl 
Scheme 4.14: Cyclisation of imidoyl selenides 4.18 with palladium. 
Although it was felt that this yield was still not fully optimised, further screening was thought 
to be unfruitful at this stage. As already stated palladium chemistry can be notoriously 
difficult to perfect and therefore, it may take a long time to optimise the yield. As it stood the 
yield was sufficient to further explore the scope of the reaction by synthesising more 
precursors. 
A range of ami des were synthesised analogous to the imine 4.3-4.9 (table 4.4). The amides 
4.19-4.25 were achieved in moderate to good yields on relatively large scales. 
0 Et3N CCPho • ION~ + Cl~ DCM o CC_rt 
NH2 5h H I ~ R ~ R 
Entry Amide R Yield % 
1 4.19 H 52 
2 4.20 Me 64 
3 4.21 'Bu 59 
4 4.22 OMe 70 
5 4.23 CF3 77 
6 4.24 NMe2 61 
7 4.25 N02 47 
Table 4.4: Amide formation 
Having synthesised a suitable range of ami des these were converted into the imidoyl selenides 
4.26-4.32 using the previous mentioned protocol (table 4.5). For entries 1, 3 and 6 the yields 
quoted are unpurified as they were obtained crude as oils and column chromatography has 
already been discounted as a method of purification. Entries 2, 4 and 5 were obtained as 
crystalline solids and recrystallisation could therefore be used to purify the compounds. No 
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yield could be obtained for entry 7 and although the crude product was solid it visibly 
underwent rapid decomposition after removal of the reaction solvent. 
Ph I) COCI2, DMF Ph CC~ 0 DCM, rt, CC~ SePh ~ 4-Sh ~ /. N~ 2) (PhSe)2, N~ 
H K-Selectride 
R THF R 
rt,OIN, 
Entry Imido~1 selenide R Yield% 
I 4.26 H 54 
2 4.27 Me 44 
3 4.28 tBu 66 
4 4.29 OMe 51 
5 4.30 CF3 60 
6 4.31 NMe2 62 
7 4.32 N02 DecomEosed 
Table 4.5: Imidoyl selenide formation 
e(s) 
Figure 4.3: Crystal structure of imidoyl selenide 4.30. 
X-ray crystallography was carried out by Dr. Mark Elsegood of the imidoyl selenide 4.30 
(figure 4.3). The crystal showed the conformation around the C=N bond to be Z. The 
conformation means after insertion of the palladium into the C-Se bond the molecule is in the 
correct position to cyclise. 
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Having prepared a range of precursors, they were cyclised using the developed palladium 
conditions (table 4.6). The cyclised products were achieved in low to moderate yields. Entry 6 
produced the lowest yield at just 22% with entry 5 producing the highest yield at 48%, the 
nature of the p-subsituent did not appear to significantly affect the yield. 
c:::r:Ph Pd(PPh3)4 (40 mol%) I ';:::: SePh Et3N I • ~N~ PhMe I~ Reflux 48 h 
R R 
Entry Phenanthridine R Yield % 
1 4.10 H 28 
2 4.11 Me 34 
3 4.12 tBu 47 
4 4.13 OMe 39 
5 4.14 CF3 48 
6 4.15 NMe2 22 
Table 4.6: Phenanthridine preparation 
The proposed mechanism for these cyclisation is seen in scheme 4.15. As already mentioned 
there is no precedent in the literature for the insertion of palladium into the C-Se bond of the 
imidoyl moiety. Therefore, the scheme below is speculative. The scheme is drawn as a 
catalytic cycle, however, as can been seen from the high loadings the reaction is not fully 
catalytic. Another problem with this cyc\isation is the mechanism of the reductive 
elimination. The Pd(Il) species seen after the cyclisation is not on the same face as the 
adjacent-H. Therefore, p-hydride elimination cannot take place. 
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reductive 
~&Hy Pd(O) 
R 
Scheme 4.15: Proposed mechanism for the palladium cyclisation. 
4.2.3 Bis-phenanthridine precursors 
With the successful synthesis of a variety of phenanthridines using both palladium and radical 
chemistry, we investigated whether this chemistry could be applied to a natural product 
synthesis. A search of the literature produced a natural product, eilatin 4.35, with similarities 
to the precursors used in the previous sections. The heptacyclic marine alkaloid eilatin 4.35 is 
of interest as it has been shown to have significant anti-cancer activity.4.6 Eilatin 4.35 was first 
isolated in 1985 from Eudistoma sp. and the only full synthesis was carried out in 1993 in a 
biomimetic manner4 .6,4.7 Using the previously described radical and palladium methodology 
we hoped that the synthesis of eilatin 4.35 could be achieved using two novel routes. Eilatin 
4.35 and related heterocycles such as the heptacycle 4.38 should be available from the his-
imines 4.33 and 4.36 via a sequential radical reaction and from the his-imidoyl selenides 4.34 
and 4.37 via a sequential palladium reaction (scheme 4.16). The spatial setup of the 
polycycles 4.33, 4.34, 4.36 and 4.37 with respect to the phenyl ring and the pyridyl ring 
corresponds to the successful radical and palladium cyclisations reported in the previous 
sections. 
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x x 
I " I " h- h-H Radical Pd(O) SePh ~N < ~N "'" N "'" "'" N '" 
H h- ePh h-
4.33X=N 4.35X=N 4.34X=N 
4.36X=CH 4.38X=CH 4.37 X = CH 
Scheme 4.16: Two retrosynthetic routes for the synthesis of eilatin 4.35 and the polycycle 
4.38 with palladium and radical protocols 
The initial methodology was carried out using not the precursor to eilatin 4.35 but the 
precursors to the heptacyc\e 4.38. The pyridyl-phenyl amine 4.79 (section 4.2.6) required for 
the synthesis of eilatin 4.35 was not commercially available and therefore, would have to be 
synthesised in another step. Therefore, it was decided to test the methodology on the more 
simple precursors. When required we thought that the pyridyl-phenyl amine 4.79 could be 
easily accessed using literature procedures.4.8 The bis-imine 4.36 was synthesised from 2-
aminobiphenyl and glyoxal. Dean-Stark methodology did not afford the desired product 
because boiling point of the glyoxal was too low for this methodology. The second attempt to 
synthesis the bis-imine 4.36 using 4 A molecular sieves was more successful (scheme 4.17). 
However, the yield of the reaction was moderate and it was felt that this could be improved 
upon. 
r(YPh 
~. NH2 
4 A Mol. sieves 
DCM 
Reflux 
8h 
51% 
• 
Scheme 4.17: Synthesis of the bis-imine 4.36. 
We reasoned that the temperature of the reaction needed to be increased to improve the yield 
of the reaction. However, as already mentioned the boiling point of the glyoxal was a problem 
and therefore, the temperature could not be raised too much. The method decided upon was 
used previously in the Pritchard group to form a bis-imine from p-anisidine and glyoxal in 
good yield. The methodology involved the use of methanol and 2-propanol; the glyoxal is 
added slowly to a solution of the 2-aminobiphenyl in methanol. 2-propanol is then added to 
the solution and the methanol is distilled from the reaction. The bis-imine 4.36 is not soluble 
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in the 2-propanol and so as the methanol is removed the bis-imine 4.36 precipitates from the 
solution as yellow crystals. Using the distillation techniques the bis-imine 4.36 was 
synthesised in 81% yield (scheme 4.18). The yellow crystals of the his-imine 4.36 were 
insoluble in the 2-propanol and so precipitate from the solution. 
CCPh H 1) Methanol, rt H 1.0 + oAr° 5 min. ~N 2) 2-propanol N ~ NH2 
H 71 QC H 30 min 
81% 4.36 
Scheme 4.18: Synthesis of the his-imine 4.36 in high yield. 
A crystal structure of the bis-imine 4.36 was obtained (figure 4.4). The crystal structure 
showed the preferred configuration around the C=N bond to be of E,E geometry. The 
configuration lends itself to the cyclisation to form the bis-phenanthridine 4.40. However, the 
configuration of the structure is possibly not ideal for the oxidation of the bis-phenanthridine 
4.40 to the heptacycle 4.38. 
Figure 4.40: Crystal structure of the his-imine 4.36. 
The oxalyl-di-amide 4.39 was synthesised from 2-aminobiphenyl and oxalyl chloride in 81 % 
yield. The oxalyl-di-amide 4.39 was then converted into the bis-imidoyl selenide 4.37 via the 
bis-imidoyl chloride (scheme 4.19). 
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'<::: 
h 
I) PCIs 
O:::Ph Cl THF o H 
PhMe SePh 
reflux 
1 + OO°C-rt N~N '<::: 3h ~N h NH O~ 30min' • N ~ 2) (phSeh, 
2 I 81% 
""I 
H 0 h K -selectride® "" SePh 
4.39 THF, rt, 16 h ;::,.. 4.37 ;::,.. 
Scheme 4.19: Synthesis of the bis-imidoyl selenide 4.37. 
An attempt was made to cyclise both the bis-imine 4.36 and the bis-imidoyl selenide 4.37 
using radical and palladium conditions respectively (scheme 4.20). The bis-phenanthridine 
4.40 would be the expected product from both reactions. However, neither the bis-
phenanthridine 4.40 nor the heptacycle 4.38 were major products at the end of the reactions 
and both the IH NMR spectra and TLC of the crude reaction product revealed complex 
mixtures. 
SePh 
~y 
N ~~Ph 
4.37 
'<::: 
h Pd(PPh3)4, 
Et3N 
~.~ ..... -.. 
PhMe 
Reflux 
48 h 
h 
~BuOh 
.-------_.-
PhCI 
145-150°C 
48h "" 
Scheme 4.20: Cyclisation of the imine 4.36 and the imidoyl selenide 4.37 by radical and 
palladium methodology respectively. 
Both cyclisations were attempted several times using larger quantities of starting material, 
however, the IH NMR spectrum of the crude reaction products once again proved 
inconclusive. Initial purification of both reactions did not provide any discernable product. 
Due to time restrictions we were unable to carry out any further purification methods. 
4.2.4 Cyclisations using alternative methods 
So far in this section we have reported the successful cyclisations of imines via imidoyl 
radicals and of imidoyl selenides with palladium. However, we felt that the palladium 
reactions were relatively lengthy in comparison to the radical cyclisation. In order to shorten 
the synthesis of the precursors for the palladium cyclisation we investigated whether the 
imidoyl chlorides would undergo cyclisation under the palladium conditions. The imidoyl 
chloride formed during the synthesis of the imidoyl selenides 4.26-4.31 are unstable to air and 
therefore, not easy to handle. However, the bis-imidoyl chloride formed during the synthesis 
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of the bis-imidoyl selenide 4.37 is stable to air and isolated as crystals making it relatively 
easy to handle. The bis-imidoyl chloride 4.41 was synthesised as for the bis-imidoyl selenide 
4.37 as seen in scheme 4.19, after treatment of the bis-oxlylamide 4.39 with PCIs the imidoyl 
chloride was isolated and recrystallised. 
palladium conditions (scheme 4.21). 
The bis-imidoyl chloride was submitted to the 
1 ~N 
N' I I 
Cl 
4.41 
Pd(PPh3)4, 
Et3N 
X • 
PhMe 
Reflux 
48h 
Scheme 4.21: Attempted cyclisation ofthe imidoyl chloride 4.41 
The reaction was followed by TLC and the starting material appeared to be consumed. 
However, after the initial purification neither the bis-phenanthridine 4.40 nor the heptacycle 
4.38 were seen in the lH NMR spectrum. 
Despite the instability of the mono-imidoyl chlorides an attempt was made to cyclise the 
imidoyl chloride 4.42 (scheme 4.22). The imidoyl chloride was isolated by removal of the 
reaction solvent then immediately submitted to the palladium cyclisation reaction. The 
reaction was not progressing as expected and it appeared that the EbN was reacting with the 
remaining COCh. Despite this the reaction was followed by TLC and left for 48 h. The TLC 
and lH NMR spectroscopy of the crude reaction showed a complex mixture and no trace of 
the phenanthridine 4.2. 
r(YPhCI lA.~ N I '<:::: 
4.42 d- Cl 
PhMe 
Reflux 
48 h Cl 
Scheme 4.22: Attempted cyclisation ofthe imidoyl chloride 4.42 
As neither of our attempts to shorten the synthesis of the precursors for the palladium 
cyclisations were successful we decided to leave this area and move onto testing the scope of 
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the reactions. So far we have used our methodology to cyclise onto aromatic rings, we wanted 
to see if vby using this developed methodology we could cyclise onto other systems. 
4.3 CycIisation onto alkynes 
Previously imidoyl radicals have been used to cyclise onto alkynes in radical cascade 
reactions. A notable example of this is Bowman et al. synthesis of ellipticine 4.46 (scheme 
4.23)4.5 Ellipticine 4.46 was isolated in 1959 from the Ochrosia elliptica Labill. plant of the 
apocynaceae family.4.9 It is of interest as it has potent anti-tumor properties4 .10 The synthesis 
of ellipticine is of considerable interest as the imine analogue of the imidoyl selenide 4.44 
could be synthesised potentially leading to a shorted synthesis of the natural product. Using 
the imidoyl selenide 4.44 the palladium conditions developed in the synthesis of 
phenanthrines in the previous section could be applied to access ellipticine 4.46. 
CX;JYO-===-~' c(".yo----
4.43 4.44 
~~-===~.~ 
4.45 
Scheme 4.23: Bowman et al. synthesis of ellipticine 4.46. 
In order to synthesise the imine 4.48 2-phenylethynylphenylamine 4.47 was first synthesised 
using standard Sonogashira coupling conditions from the literature.4.11 The coupling was 
carried out before the imine formation as it was felt the imine would degrade under the 
coupling conditions. The formation of 2-(phenylethynyl)aniline 4.47 from 2-iodoaniline and 
phenylacetylene proceeded as expect in high yield, 93% (scheme 4.24). The phenylacetylene 
was chosen to test the methodology in place of the methylacetylene required in the formation 
of ellipticine as the phenyl acetylene was easier to handle. 
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Ph 
~ 
I"": 
U NH2 
4.47 
Scheme 4.24: Synthesis of 2-phenylethynylphenylamine 4.47 
Having prepared the aromatic alkyne 4.47 it was condensed with p-chlorobenzaldehyde to 
form the imine using standard conditions (scheme 4.25). The imine was obtained as a yellow 
oil in reasonable yield, 68%. However, as the imine was obtained as an oil it hydrolysed 
relatively rapidly. 
~P:o~ 4AmOI.Sie:es~Ph 
U NH ~CI DCM UN~Xl 2 Reflux 1 
4.47 5 h 4.48'& Cl 
Scheme 4.25: Synthesis of the imine 4.48. 
The imine 4.48 was submitted to the radical cyclisation conditions (scheme 4.26). Due to the 
nature of the reaction conditions it could not be followed by TLC. After the preliminary 
purification a complex mixture was seen in both the IH NMR spectrum and by TLC. Further 
purification by column chromatography revealed no trace of the cyclised product 4.49. 
~l'h ('B..oh I" UN~ P~C1· u 
o ~ 140-150°C 
4.48 Cl 48 h 4.49 
Cl 
Scheme 4.26: Attempted cyclisation of the imine 4.48. 
The imidoyl selenide 4.51 analogue of the imine 4.48 was synthesised. First the amide 4.50 
was synthesised from the aromatic alkyne 4.47 and p-chlorobenzoyl chloride and then 
converted into the imidoyl selenide 4.51 via the imidoyl chloride using standard conditions 
(scheme 4.27). 
115 
I) COCI2, DMF 
DCM, Tt, 5 h 
• 
2) (phSeh, 
K -selectride® 
TIIF, Tt, 16 h 
O°C-Tt 
5h 
56% 
• ro~Ph I""" 0 hN~ 
Hn ~ 4.50 h Cl 
ro~Ph 1 """ SePh h~ 
N_ ~ 
4.51 h Cl 
Scheme 4.27: Synthesis of the imidoyl selenides 4.51. 
The imidoyl selenide was submitted to the palladium cyclisation conditions. Preliminary 
purification showed no trace of the desired cyclisation products (scheme 4.28). 
o1Ph Pd(PPh3)4, """ ~ePh Et . 1 h 7u PhMe NI""" Reflux 
4.51 h Cl 48 h 
Cl 
Scheme 4.28: Attempted cyclisation of the imidoyl selenides 4.51. 
When the proposed mechanism for the reaction is viewed it is probable that the product is not 
formed because there is no adjacent H to the palladium after cyclisation onto the alkyne so it 
cannot undergo reductive elimination (scheme 4.29). 
o1Ph o1
Ph 
Pd(O) 1 """ PdSePh I """ SePh • hN~ hN~ \ 
cd-
Ph 
PdSePh 
Hydride 
I /, AT • X AT h N elimination 
Scheme 4.29: Unfeasible mechanism for palladium cyclisation of imidoyl selenide 4.51. 
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This problem could be overcome in one of two ways. The first would be to add a reducing 
agent into the reaction conditions. The second solution would be to increase the chain length 
of the imidoyl moiety to facilitate a further cyc1isation onto the p-chlorophenyl ring as 
observed in the radical cyc1isation in the synthesis of ellipticine. The latter solution was 
chosen to overcome this problem. It was decided to synthesise two different precursors with 
different side chains. Increasing the chain length would potentially lead to a cascade type 
reaction with the palladium. Of the two precursors chosen the imidoyl selenide 4.51 has 
previous been synthesised in the Bowman group in the lead up to the synthesis of ellipticine 
4.46.4•5 Therefore, the structure of the product is known and comparison of the data will allow 
for easy identification if the product is present at the end of the palladium reaction. In order to 
synthesise the imidoyl selenides 4.53 and 4.55, the oxalamide 4.52 and 4.54 were first 
synthesised. These were then converted to the imidoyl selenides 4.53 and 4.55 in relatively 
low yields (scheme 4.30). 
Ph 
cC?? . Ph Ph -...::: O!al) Oxalyl chlonde, c6 I)COC! DMFc6?? I + I 0 DMF(cat.), DCM, "" ??JyOP DCM ~ 5 h "" JyOePh P "'" "" rt2h. I I ". I I 
NH2 H 2)Et N DMAP "'" "" 2) (phSeh, "'" N" "" 3 , N . ® 
4 47 DCM 0 DC_ rt, H K -selectnde 
. 16h 452 THF,rt,16h 453 
43%' • 
ce:Ph Ph Ph I + I DCM I "" 0 DCM rt 5 hi"" SePh -...::: ~ ~ Et3N c6?? I)COCI2,DMF c6?? 
"'" NH2 "'" Cl ODC-rt" "'" N~Ph 2)(~hS~h, "'" N~Ph 
5h H K I ·d® 56% -se ectn e 
4.47 4.54 THF, rt, 16 h 4.55 
Scheme 4.30: Synthesis of the imidoyl selenides 4.53 and 4.55 
Having prepared the imidoyl selenides 4.53 and 4.55 they were submitted to the palladium 
cyclisation conditions. Unfortunately neither of precursors appeared to cyclise. The IH NMR 
spectrum for the imidoyl selenide 4.53 cyclisation did not match the data for the cyclised 
product 4.56. For the cyclisation of the imidoyl selenide 4.55 the polycycle 4.57 was the 
expected product. The polycycle 4.57 contains a 7-membered ring, and although not common 
in palladium cyclisations, there is precedent for the formation. I.46,1.47.1.53,1.56,I.s7 However, 
neither trace of this product nor any other product was observed. Under the reaction 
conditions it is presumed that the imidoyl selenides will degrade and therefore would not be 
retrievable at the end of the reaction. Due to the lack of success with the palladium reactions, 
it was decided to further examine the reactions carried out. So far it has been presumed that 
the cyclisation has occurred and that the palladium has not been eliminated from the cyclised 
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product. However, the possibility that this initial cyc1isation has not occurred must be 
explored. As no trace of any cyc1ised product could been seen in the IH NMR spectrum it was 
concluded that the palladium must not be oxidatively adding onto the alkyne. 
c6<P' Ph I "" ~ePh ~ I.& h ~ N 
4.53 
Pd(PPh3)4, 
Et3N 
X .. 
PhMe 
Reflux 
48h 
Pd(PPh3)4, 
Et3N 
X .. 
PhMe 
Reflux 
48h 
Scheme 4.31: Attempted cycIisations of the imidoyl selenides 4.53 and 4.55. 
Palladium has previously been shown to add onto alkynes. However as previously stated 
palladium reactions are notoriously fickle and may work for one substrate and not for a 
slightly modified one. It was not known if the palladium was inserting into the C-Se bond; 
however, upon work-up the distinctive odour of the Se was detected suggesting it had been 
released from the molecule suggesting palladium insertion. If this is the case then it would 
suggest the problem is in fact with the alkyne itself. Although the aromatic group was 
successful under these palladium conditions, the alkyne functionality may have proved too 
much ofa modification and to get the cyclisations of the imidoyl selenide 4.51,4.53 and 4.55 
to occur. The palladium conditions would need to be further studied but due to time restraints 
we decided not to explore altering the conditions. 
4.4 Cyclisations of alkyl systems 
In light of the failure of the cyclisation of the alkynyl systems we decided to carry out further 
studies using different systems. To further test the scope of the palladium and radical 
cyclisations we decided to devise a new range of compounds. As discussed in the previous 
section the cyclisation onto alkynes was not successful. Therefore, in light of this information 
it was decided to retain the biaryl function of the molecule. As the aromatic group was to 
remain the same the side chain containing the imidoyl moiety had to be altered (figure 4.5). 
The successful cyc1isation of the p-substituted benzyl imidoyl moiety have been reported 
118 
early in this work. Therefore, the next stage of this research was the alteration of this group. It 
was decided that introduction alkyl functionality to the side chain could prove fruitful. 
C(Ph I ..... ~ // ~R 
R= (CH2)2Ph, (CH2)4CH3 etc 
Figure 4.5: Example of the alkyl system. 
To test the radical cyc1isation conditions a range of alkyl imines had to be synthesised. So the 
structures were not altered too much from the successful precursors, the first choice of imine 
was similar to the imine 4.3 with a CH2 between the imine and the phenyl ring. The synthesis 
of the imine carried out using 2-aminobiphenyl and phenylacetaldehyde using the standard 
condensation conditions (scheme 4.32). The reaction resulted in an inseparable mixture. 
ccPh ~I 4 A mol. sieves CCPh I ~ + X ~ I .0 O~ ~ DCM, .0 ~Ph NH2 Reflux, N 
18 h 4.58 
Scheme 4.32: Attempted synthesis of the imine 4.58 
Although the imine-H could be seen in the IH NMR spectrum, there were various other 
products present in the mixture as well as the aldehyde and amine starting materials. 
Purification was not possible; column chromatography resulted in hydrolysis of the imine and 
distillation gave a complex mixture. After examination of the IH NMR spectrum it was 
thought that the enamine may be forming and this is why the imine was only seen in a small 
quantity. A range of conditions were tried to form the imine (table 4.7). Entry 2 shows an 
attempt at using Dean-Stark procedure; a complex mixture was indicated by both TLC and IH 
NMR spectroscopy. The increase in temperature did not help and appeared to create a more 
complex mixture than seen for entry 1. As increasing the temperature did not help it was 
decided to see if reducing the temperature would help. Entries 3 and 4 used to the same 
reaction conditions as entry 1 expect the temperature was lowered to rt for entry 3 and 0 °C 
for entry 4. Entry 3 gave the same results as the first attempt and for entry 4 no reaction took 
place at all yielding only starting materials. This gave some insight into the reaction, the 
reaction would not take place at low temperature but when the temperature was increased a 
mixture of products was formed. The conditions for entry 5 were taken from a presentation 
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given at a conference, the researchers controversially used water as the solvent in the 
formation of imines. Although the researchers reported favourable results for their imine 
formations for the imine 4.58 only a starting material was seen. 
Entry Solvent Temperature Drying Time Result Agent {h} 
1 DCM Reflux Mol. sieves 18 Inseparable mixture 
2 Toluene Reflux 6 CIM 
3 DCM rt Mol. sieves 18 Inseparable mixture 
4 DCM O°C Mol. sieves 18 SIM 
5 Water rt 6 SIM 
6 EtOH Reflux 6 CIM 
Table 4.7: Attempted conditions for the formation of imine 4.58. 
The final entry in table 4.7 was a method found in the literature for alkyl imines in which the 
amine and aldehyde are refluxed in ethanol.4.tz However, the reaction resulted in a complex 
mixture. The formation of the imine 4.58 was proving to be elusive and so the synthesis of an 
alternative imine was attempted. The aldehyde chosen was similar to the previous one with 
the addition of a CH) group. However, it was hoped that this may form the imine. Standard 
conditions were applied to the synthesis of the imine 4.59 (scheme 4.33). 
ccPh ~I 4 A mol. sieves CC
Ph 
1
"-':: + X· 1 
h OV ::::.... DCM, h N~Ph 
NH2 Reflux, 
18h 4.59 
Scheme 4.33: Attempted synthesis of the imine 4.59. 
The imine 4.59 proved to be elusive as in the previous reaction. Although traces of the imine 
4.59 could be seen in the IH NMR spectrum the compound was within a mixture of products. 
The formation of alkyl imines is documented in the literature; however, as the formation of 
the imines 4.58 and 4.59 was proving elusive alternative methods were sought to those more 
common methods. It has been shown that imines can be formed by quenching aza-ylides with 
an aldehyde in an aza-Wittig reaction. The formation of the aza-ylide proceeds via a reaction 
of azides with triaryl phosphines after elimination of nitrogen (scheme 4.34).4.13 
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- + 
PPh3 + N=N=N b 
Scheme 4.34: Quenching of aza-ylides with aldehydes. 
The biaryl azide required for the fonnation of the imines 4.58 and 4.59 is not commercially 
available. Therefore, an alternative route to the aza-ylide was sought. An investigation of the 
literature yielded several routes to aza_ylides.4•14-4.17 The methods included the formation of 
aryl azides from arylboronic acids and from the aniline and also the direct fonnation of the 
aza ylide from the nitrate. The method chosen however, utilised the aniline and converted it 
directly to the aza_ylide.4.14 Having found the procedure the conditions were applied to 2-
aminobiphenyl in the formation of the aza-ylide 4.60 (scheme 4.35). The aza-ylide 4.60 was 
formed in poor yield with a large amount of by-products. The purification of the aza-ylide 
4.60 proved to be inconsistent. Column chromatography was carried out using neutral 
alumina to avoid the breakdown of the product on the acidic silica. 
ccPh I~ NH2 
CCI4 
PPh3 
E1JN • 
MeCN 
rt 
16 h 
ccPh I ~ N=PPh3 
4.60 
Scheme 4.35: Synthesis of the aza-ylide 4.60. 
The first time the reaction was carried out the aza-ylide 4.60 was isolated in 15% yield. 
However, repetition of the purification was not possible. Each time the product was lost on 
the column. The IH NMR spectrum of the column fractions did not shed light upon the 
situation as a complex mixture was seen. Having prepared the aza-ylide the fonnation was 
carried out. The reaction was carried out on a small scale due to the lack of purified aza-ylide 
4.60 available (scheme 4.36). 
ccPh DCM ~ rt • I ~ 0yPh 
8 h N.B I 
4.59 
Scheme 4.36: Attempted aza-wittig reaction to synthesise the imine 4.59. 
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Upon inspection of the IH NMR spectrum of the crude reaction the imine-H could be 
visualised however, the major by-product of the reaction was a large quantity of PPh3. As 
purification was not possible the imine was submitted to the radical cyclisation conditions in 
its crude state (scheme 4.37). After preliminary purification a complex mixture was seen by 
both TLC and IH NMR spectroscopy. This result was disappointing as it was felt that no more 
time should be spent investigating this area when there were other areas to be explored. 
Ph (1J3uOh CC X • I ~ PhCl 
.ij N~Ph 140-1500C 
4.59 48 h 4.61 
Scheme 4.37: Attempted cyclisation of the crude imine 4.59 
Despite the disappointment with regard to the radical cyc1isations, the synthesis of the imidoyl 
selenides was carried out for the palladium reactions. A range of alkyl imidoyl selenides was 
synthesised. The first precursors to be synthesised were the imidoyl selenides 4.63 and 4.65. 
The coupling 2-aminobiphenyl with 3-phenylpropionyl chloride and valeryl chloride resulted 
in the oxalamides 4.62 and 4.64 in 68% and 65% yields respectively. These were then 
converted to the imidoyl selenides 4.63 and 4.65 using standard conditions in 54% and 60% 
yields respectively (scheme 4.38). 
I + 0 DCM • I 0 DCM, rt, 5.h I e 
CC
Ph Et3N CCPh I)COClbDMFCCPhs Ph 
~ D~rt A ~ NH2 CI~Ph 5 h .0 N~Ph 2) (PhSeh, N~Ph 
H K-selectride® 
4.62 THF rt 16 h , , 4.63 
CC
Ph 
I 0 
.0 NH2+ CI~ 
~~~ CCPhO I) COCI2,DMFCCPhS Ph 
DOC_rt' I 11 DCM,rt, 5.h I / 
5h .0 N~ 2)(PhSeh A N~ 
.r 64 K-selectride® 4.65 
. THF,rt,IGh 
Scheme 4.38: Synthesis of the imidoyl selenides 4.65 and 4.67. 
Having prepared the imidoyl selenides 4.63 and 4.65, one further example was synthesised. 
The amide 4.66 was prepared in a different manner to those previously described. The 
coupling of 2-aminobiphenyl and 2-phenylpropionic acid gave the amide 4.66 (43% yield) 
which was then converted to the imidoyl selenide 4.67 in 47% yield (scheme 4.39). 
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I) Oxalyl chloride, 
I + 0 I rt,2h I""" 0 DCM,rt,5h CC SePh 
CC
Ph 1yODMF(Cat.),DCM, CCPh I)COCI2,DMF Ph 
o NH HO 0 2)Et3N,DMAP 0 NA/Ph 2)(PhSe);' I 0- AyPh 
2 DCM 0 °C_ rt, H T K-selectride® N 
16h 
4,66 THF, rt, 16 h 4.67 
Scheme 4.39: Synthesis of the imidoyl selenides 4.67. 
Having prepared a range of imidoyl selenides they were submitted to the palladium reaction 
conditions, For the imidoyl selenides 4.63 and 4.65 a complex mixture was observed by TLC 
and IH NMR spectroscopy (scheme 4.40). This was disappointing as not even traces of the 
desired products could be seen. For the imidoyl selenide 4.65 it was thought there could be 
two possible products the mono-cyc1ised phenanthridine 4.68 and the bi-cyclised pentacycle 
4.69. As discussed previously 7-membered rings are not commonly formed in palladium 
reactions, but are known. However, neither of these products were observed. 
cc"-':: Ph SePh ~ N~Ph 
4.63 
Pd(PPh3)4, 
Et3N 
X lE 
PhMe 
Reflux 
48 h 
+ 
Ph 
4.69 
Scheme 4.40: Attempted cyclisation of imidoyl selenides 4.63 and 4.65. 
Interestingly for the cyclisation of the imidoyl selenide 4.67 the outcome of the reaction was 
very exciting (scheme 4.41). After preliminary purification the cyclised product could be seen 
in the IH NMR spectrum. The crude mixture was further purified by flash column 
chromatography to yield further interesting products. The IH NMR spectrum of one of the 
fractions from the column appeared to contain a peak corresponding to an imine-H. The 
structure was further elucidated by l3C NMR and mass spectroscopy. These confirmed that 
the structure was the imine 4.60 that had proved elusive during its synthesis. A second 
fraction appeared to contain two further structures this was inferred by the presence of two 
CH2 and CH3 peaks in the IH NMR spectrum. The IH NMR spectrum showed that these 
structures appeared to be present in a 2:1 ratio. This result was exciting because it suggested 
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that the two products could be the mono-cyclised product 4.71 and the bi-cyclised product 
4.72. 
Pd(PPh3)4, 
Et3N • 
PhMe 
Reflux 
48 h 
Scheme 4.41: Cyclisation of the imidoyl selenides 4.67. 
Ph 
Mechanistically speaking, the mono-cyc1ised product suggests that the Pd- catalysed aromatic 
substitution is taking place. The bi-cyclised product would suggest that the Pd-is transferring 
onto the second ring after the initial cyclisation (scheme 4.42). The eIiminations that are 
taking place in this reaction are not straight forward ft-hydride eliminations as the Pd and the 
adjacent-H are not on the same face of the structures. 
Unfortunately the reaction was carried out on a relatively small scale and further purification 
to separate the structures was not possible, NMR spectroscopy studies were carried out; 
however, it was difficult to separate the aromatic regions. The initial outcome of the IH NMR 
studies suggested that the mono-cyclised product was present however; the presence of the bi-
cyclised product could not be established. The reaction was repeated on a larger scale with 
hopes that this would resolve the issues with purification. This attempt at the reaction did not 
yield the imine 4.60, this was slightly disappointing as it was though after isolation this could 
be used to carry out the analogous radical cycIisation. The mono-cyclised product was 
isolated from this reaction in 15% yield. However, the isolation of the second product proved 
more difficult. The crude reaction mixture was separated into smaller fractions by column 
chromatography. The fraction which was believed to contain the bi-cyclised product 4.72 was 
further purified by preparatory TLC. Unfortunately although slightly cleaner we were stilI 
unable to ascertain whether the unknown fraction was in fact the bi-cyclised product 4.72. 
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SePh PdSePh 
~~Ph 
4.67 
4.74 
1) elimination 
2) oxidation I 
4.75 
Scheme 4.42: Suggested mechanism for the formation of the mono-cyc\ised 4.71 and 
bicyclised 4.72 products. 
4.5 Cyclisation of Heterocyclic Precursors 
The cyc1isations in section 4.2 set up a heterocyclic ring under the reaction conditions which 
is useful within synthetic organic chemistry. The presence of multiple heterocycles within 
structures is also of interest. This could be achieved by including a heterocycle in the 
precursor. Within the general structure a heterocycle could be introduced in two positions on 
the molecule (figure 4.6). Replacing the aromatic ring 1 has previously proved to be 
unsuccessful, however, as the aromaticity is being retained it was hoped that cyclisation 
would be successful. Replacing the two phenyl rings with heterocycles will be investigated 
separately initially. Within this section a variety ofheterocycles will be investigated including 
pyridines, thiophenes and furans. With these ideas in mind we set about to synthesise a new 
range of precursors including heterocycles within the structures. 
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CC;~ 
X=HorSePh 
Arl A.? = Heterocyclic ring or phenyl ring 
Figure 4.6: Possible sites for substitution for a heterocyclic ring 
Initially we decided to alter the aromatic ring 1. As already mentioned, the amine 4.76 is not 
commercially available and had to be synthesised. A search of the literature revealed a variety 
of routes to achieve the amine 4.76. Further viewing of the methods left two plausible 
methods for the synthesis. A Suzuki-Miyaura coupling reaction between an aryl haJide and 
aryl boronic acid appeared to be a good route to the amine 4.76. This methodology could be 
appJied to two sets of different starting materials to achieve the same product (scheme 4.43). 
X 
CCB(OH)~ 6 .<=: = B(OHh ==»CCX +0 
NH2 N NH2 
4.76 
X=I, Br, Cl 
NH2 N 
4.77 
Scheme 4.43: Two retrosynthetic routes to the amine 4.76. 
After pricing the two routes it was decided that route 1 appeared to be the most favourable. 
The cost of the boronic acid was relatively expensive and so an investigation into the 
synthesis was untaken. A literature search produced a protocol for the preparation of pyridyl 
boronic acids (scheme 4.44).4.18 A 60% yield was reported for the synthesis of the boronic 
acid 4.77. 
Br 
6 N OPri + . ~~ . PrIO~ .... OPI' 1) n-BuLi. 6N~OH)2 2) HCI ,-
4.77 
Scheme 4.44: Literature synthesis of the boronic acid 4.77. 
The results in the paper seemed promising and so we decided to use this methodology to 
synthesise the boronic acid 4.77. The synthesis was attempted using the methodology from 
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the paper. However, the IH NMR spectrum of the crude product was unclear and a complex 
mixture was observed by TLC. The reaction was reattempted several times; however, in each 
instance the IH NMR spectrum was unclear. The reaction was carried out on a small scale 
which may explain why the reaction did not work. The reaction carried out in the paper was 
carried out on a relatively large scale and the reaction may not work on the scale which was 
attempted in this research. Unfortunately, to carry the reaction out on such a large scale would 
be costly and therefore, was not attempted. As a precaution the Suzuki-Miyaura coupling 
reaction was carried out on the crude reaction mixture but did not work, which further 
suggested that the boronic acid was not formed in the reaction. The boronic acid 4.77 was 
commercially available and so it was decided to buy it as the synthesis was proving elusive. 
The commercially bought boronic acid was used in a Suzuki-Miyaura coupling reaction with 
2-iodoaniline. The literature utilises a variety of palladium sources and ligands to optimise the 
coupling reaction; however, these are expensive and so we planned to use a cheaper and more 
readily available source of palladium. A further search of the literature produced conditions 
for the Suzuki reaction using Pd(PPh3)4 with K2C03 as the base, as these reagents were 
readily available they were more desirable. The substrates were submitted to the coupling 
conditions using the toluene as the solvent (scheme 4.45). 
Scheme 4.45: Synthesis of the amine 4.76 with commercially available boronic acid 4.77. 
Unfortunately, although the IH NMR spectrum of the crude reaction mixture appeared 
promising purification resulted in only the isolation of starting material. The synthesis of the 
amine 4.76 is reported in the literature; however, as already mentioned more expensive 
sources of palladium are used in the coupling. We were unable to obtain such palladium 
sources and therefore felt that we should leave this area of research and move on to our other 
proposed route to set up multiple heterocyclic ring systems. 
The final stage of this research was the alteration of the aromatic group 2. Synthesis of the 
imine 4.78 was carried out using 2-aminobiphenyl and pyridine-4-carboxaldehyde (scheme 
4.46). The synthesis proceeded smoothly in 62% yield. 
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ccPh CCPh I ~ + O~ 4AmoI.sie:es I ~ .6 ~N DCM .6~:U NH2 RT I 
5h ~N 
62% 4.78 
Scheme 4.46: Synthesis of the heterocycIic imine 4.78. 
Having synthesised the imine 4.78 it was submitted to the radical cyclisation conditions. After 
the preliminary purification the cyclised product could be seen in the IH NMR spectrum. 
Unlike the previous cyclisation reactions there appeared to be a large amount of the cyclised 
product in the IH NMR spectrum. Further purification was carried out by column 
chromatography followed by recrystallisation. However, after purification the yield of the 
product did not appear to correspond to the amount of cyclised product seen in the IH NMR 
spectrum of the crude product. It was thought that perhaps the product had adhered to the 
column. However, flushing the column with 10% MeOH in EtOAc revealed no further 
product. It was concluded that either the IH NMR spectrum was misleading or that the 
product degraded on the column. Regardless of this the cyclisation reaction was successful 
producing a product containing two heterocycles. 
ccPh I h .6N~ 
ft ~N 4.78 
CBUO)2 
• 
PhCI 
140-150°C 
48 h 
Scheme 4.47: CycIisation of the imine 4.78 to form the bi-heterocycle 4.79. 
Having successfully used radical methodology to synthesise the phenanthridine 4.79 the 
palladium conditions were examined. The analogous imidoyl selenide to the imine 4.79 was 
synthesised. As before, the amide 4.80 was first synthesised from 2-aminobiphenyl and 
nicotinic acid in 34% yield. The amide 4.80 was converted into the imidoyl selenide 4.81 
using standard conditions in 69% crude yield (scheme 4.48). The imidoyl selenide 4.81 was 
not purified as it was an oil and column chromatography was not possible. 
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o 1) Oxalyl chloride, 1) COCI2 DMF 
CCPh ~ DMF(cat.),DCM, CCPhO DCM, I + HO ~ rt, 2 h. I ~ rt, 5 h • 
.b NH2 I /-N 2)Et3N, DMAP .b N ~ 2)(PhSen, 
DCM H I ,N K-selectride® o °C_ rt " 
16 h ' 4.80 THF, rt, 16 h 
(yPh sePh 
~N~ 
4.81 
Scheme 4.48: Synthesis of the imidoyl selenides 4.81. 
Having synthesised the imidoyl selenide 4.81 it was submitted to the palladium cyclisation 
conditions (scheme 4.49). After preliminary purification of the reaction the TLC of the crude 
reaction mixture against the product isolated from the radical reaction seemed promising, 
although there appeared to be a lot of by-products. However, IH NMR spectroscopy did not 
show any sign of the cyclised product 4.79 when compared to the product from the radical 
reaction. As the imidoyl selenide 4.81 was not isolated it was uncertain whether the product 
had been formed. 
Scheme 4.49: Attempted cyclisation of the imidoyl selenides 4.81. 
The synthesis of the imidoyl selenide 4.81 was repeated. Upon addition of the imidoyl 
chloride to the suspension of (PhSe)zt'K-Selectrideoo the reaction did not appear to proceed as 
usual. The reaction normally forms a solution from the suspension, however; in this case the 
suspension never fully converted to the solution. This might suggest the imidoyl selenide is 
not forming as it should. The crude mixture was submitted to the palladium conditions; 
however, as expected the reaction did not produce the cyclised product 4.79. Purification by 
column chromatography was carried out but the only identifiable structure to be isolated was 
the amide 4.80. Less than 25% of the starting material was retrieved suggesting at least some 
of the amide 4.80 was consumed in the formation of the imidoyl selenide 4.81. As this 
reaction was unsuccessful it was decided to synthesise further examples. 
As the incorporation of the pyridine ring into the precursor had been successful for the radical 
cyclisation we thought that it would be interesting to use a quinoline group in this position. 
The imine 4.82 was formed from 2-aminobiphenyl and quinoline-2-carboxaldehyde in 75% 
yield (scheme 4.50). 
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ccPh N CCPh I ":: + O~I '" ":: 4 A mol. si~ves I ":: .&- NH .&-.&- DCM .&- h-)):),,:: 
2 RT NI'" 
6h .&- ~ 
75% 4.82 
Scheme 4.50: Synthesis of the imine 4.82. 
The imine 4.82 was submitted to the radical cyc1isation conditions (scheme 4.51). The IH 
NMR spectrum of the crude reaction showed traces of the cyc1ised product. Unfortunately 
upon purification of the reaction we were unable to isolate the cyc1ised product 4.83. It 
appeared, from the IH NMR spectrum, that the cyc1ised product was present in less than 10% 
yield. Therefore, we believe that the cyclised product was possibly lost during purification 
either by degradation or by remaining on the column. 
CC~ Ph __ ~!'!l!9)) __ I ~ ~ h-~ PhCI ~ NI'" ":: 140-150°C 
~ ~ 48h 
4.82 4.83 
Scheme 4.51: Cyclisation of the imine 4_82. 
Repetition of the reaction resulted in the same results, purification was carried out by column 
chromatography using alumina in place of silica, however, the cyc1ised product was not 
isolated. 
In section 4.2.1 the imine 4.1 was submitted to palladium cyclisation conditions. The reaction 
was not successful aod it was concluded that the C-H bond of the imine 4.1 was not activated 
enough for the palladium insertion. With the imine 4.82 the N of the quinoline should interact 
with the imine-H making the C-H bond more activated than in the imine 4_1. Therefore, the 
imine 4.82 was submitted to the palladium cyc1isation conditions (scheme 4.52). After 
purification a complex mixture was seen by TLC and the IH NMR spectrum showed no trace 
of the cyc1ised product 4.83 implying that the palladium insertion into the C-H bond was still 
elusive. The interaction of the N and the imine-H must not activate the C-H bond enough for 
palladium insertion. 
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~N~N~ 
4.82 VV 
Pd(PPh3)4, 
Et3N 
X • PhMe 
Reflux 
48h 4.83 
Scheme 4.52: Attempted cyclisation of the imine 4.82 nsing palladium. 
As the palladium conditions could not be applied to the imine 4.82 an attempt was made to 
apply the conditions to the analogous imidoyl selenide 4.85. The imidoyl selenide 4.85 was 
synthesised via the oxalamide 4.84 (scheme 4.53). Once again the imidoyl seIenide could not 
be purified and it was not certain whether it had been formed. 
I) Oxalyl chloride, 
Ph 0 DMF(cat.), DCM,CtPh 0r ~ rt2h 1"-'::: 0 ~N: HO 1 '<: '<::: 2)Et3~' DMAP b N~'<: "-'::: 
2 b b DCM H 1 
O°C-rt, b b 
I) COCI2, DMF 
DCM, 
rt,Sh. 
2)(PhSeb 
K-selectride® 
lHF, rt, 16 h 
16 h 
64% 4.84 
C(h 1 '<::: ePh b h N I '<: 
4.85 b 
Scheme 4.53: Synthesis of the imidoyl selenide 4.85. 
The crude imidoyl seIenide 4.85 was submitted to the palladium cyclisation conditions 
(scheme 4.54). After the preliminary purification TLC and lH NMR spectroscopy revealed no 
trace of the cyc1ised product. It was concluded that the imidoyl selenide had once again not 
formed. The N in the heterocylces appears to be affecting the selenide formation. 
Pd(PPh3)4, 
Et3N 
X • PhMe 
Reflux 
48h 
Scheme 4.54: Attempted cyclisation of the imidoyl selenide 4.85. 
131 
Having tested the N-containing hetereocyc1es it was decided to synthesise precursors 
containing other heteroatoms. The synthesis of the imine 4.86 containing a furan ring from 2-
furaldehyde and 2-aminobiphenyl resulted in an 87% yield of the imine 4.86 (scheme 4.55). 
r(YPh 
~N"~O" V 
4.86 
Scheme 4.55: Synthesis of the imine 4.86. 
Unfortunately, the product underwent fairly rapid degradation and only a IH NMR spectrum 
could be obtained. This posed a problem as for the radical reaction there is a significant length 
of time before the optimum reaction conditions are reached. Regardless of this, the imine 4.86 
was submitted to the radical cyc1isation conditions (scheme 4.56). However, as expected after 
the initial purification a complex mixture was seen by both TLC and IH NMR spectroscopy. 
It was concluded that the imine 4.86 had degraded before the tBuO· radical could abstract the 
imine-H forming the imidoyl radical. 
('YPh 
~N"~O" 
_U 
4.86 
PhCI 
140-150°C 
48 h 
Scheme 4.56: Attempted cyclisation of the imine 4.86. 
Alongside the synthesis of the imine 4.86, the imine 4.88 containing a thiophene ring was 
synthesised. The synthesis of the imine 4.88 from 2-aminobiphenyl and 2-thiophene 
carboxaldehyde did not proceed smoothly. The IH NMR spectrum revealed the reaction had 
not gone to completion. Approximately half of the starting materials remained. The synthesis 
of the imine 4.88 was repeated using an increased temperature in the hope that it would take 
the reaction to completion (scheme 4.57). This time the imine 4.88 was achieved in a higher 
yield; however, the starting materials could still be seen in the IH NMR spectrum. 
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Scheme 4.57: Synthesis of the imine 4.88. 
The crude imine 4.88 was submitted to the radical cyclisation conditions (scheme 4.58). The 
IH NMR spectrum of the crude reaction mixture was unclear and the TLC showed a complex 
mixture. Purification was carried out by column chromatography; however, the cyclisation 
product was not isolated. The isolation of the 2-aminobiphenyl and the 2-thiophene 
carboxalehyde suggested that the imine hydrolysed during the reaction and therefore, as for 
the imine 4.86 radical abstraction of the imine-H could not occur. 
CCPh I ~ N'~S" 
on V 4.88 
(,BuOh 
X .. 
PhCI 
140-150 °C (oil bath) 
48h 
Scheme 4.58: Attempted cyclisation of the imine 4.88. 
The imines 4.86 and 4.88 proved to be too unstable for the radical cyclisation conditions. 
Unfortunately, we felt that we could not rectify this situation. Therefore, we decided to 
synthesise the palladium precursor analogues of the imines 4.86 and 4.88. 
Time was limited and so fortunately, the acid chlorides of both the furan and the thiophene 
were commercially available. The formation of the N-(biphenyl-2-yl)thiophene-2-
carboxamide 4.90 was carried out first. Standard conditions were used to form the amide 4.90 
from 2-aminobiphenyl and thiophene-2-carbonyl chloride in 68% yield (scheme 4.59). 
Scheme 4.59: Synthesis of the amide 4.90. 
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The formation of the N-(biphenyl-2-yl)furan-2-carboxamide 4.91 was subsequently carried 
out. Standard conditions were used to form the amide 4.91 from 2-aminobiphenyl and 2-
furoyl chloride in 72% yield (scheme 4.60). 
NH2 
o 
+ Cl~O,-
IV DCM o C-rt 16 h 
72% 
II"YPho 
" tl0N~O, HU 
4.91 
Scheme 4.60: Synthesis of the amide 4.91. 
The formation of the imidoyl selenides 4.92 and 4.93 were then carried out using the standard 
selenation conditions used through this chapter (scheme 4.61). 
cc:~S' HIV 
4.90 
1) COCI2, DMF 
DCM, 
rt,5h " 
2) (PhSeh, 
K-selectride® 
THF, rt, 16 h 
~NPh~O 0 _1)_C::7%-,-:,~=I~::..:',,-:~_MF_ ~. rt,5h " 
\ 2) (phSeh, 
H 0 K-selectride® 
4.91 THF, rt, 16 h 
ccPh I ~ SePh .0 ~S, ~.92 IV 
ccPh I ~ SePh 
.0 ...-:~ N \ 
4.93 0 
Scheme 4.61: Synthesis of the imidoyl selenides 4.92 and 4.93. 
We were unable to purify the imidoyl selenides 4.92 and 4.93 and the IH NMR spectra of the 
crude reaction products were unclear. We had limited time and therefore, decided to submit 
the imidoyl selenides 4.92 and 4.93 to the palladium reaction conditions without purification 
(scheme 4.62). The reactions were followed by TLC; after 5 h the TLC started to show a 
complex mixture for both of the reactions. As for all the other palladium reactions they were 
left for 48 h. A complex mixture was observed by IH NMR spectroscopy and TIC of the 
crude reaction products. Initial purification did not result in either of the cyclised products 
4.87 and 4.89. We proposed that the cyclisation failed as the formation of the imidoyl 
selenides 4.92 and 4.93 had not occurred. 
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ccPh I '-'::: SePh .b ~O~ 
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4.89 
Scheme 4.62: Attempted cyclisations of the imidoyl selenides 4.92 and 4.93. 
4.6 Conclnsions 
In this chapter we have presented a series of interesting results. To our knowledge the first 
known insertion of Pd into the C-Se bond of imidoyl selenides has been reported. We have 
also reported an enhanced methodology for the formation of phenanthridines using radical 
methodology. Both palladium and radical methodology has been used to achieve the same 
products within this chapter. We have also provided examples for which each methodology 
has proven to be successful when the other has failed. Within this chapter the results are 
unoptimised and it is felt that with more work these methodologies could prove to have great 
synthetic potential. 
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5 Summary and Conclusions 
We have reported the unsuccessful cyc1isations of small structures based on both amine and 
amide structures. As no cyc1isations had occurred we were unable to compare the two 
methodologies. We have proposed that the lack of cyc1isation may be due to the design of the 
structures rather than a failure in the methodologies. The amide structures were found to exist 
as rotamers. This may have caused a problem as the major conformer may not have allowed 
cyc1isation to occur. With respect to both the amine and amide structures we believe there 
may have been problems with strain in the ring systems. The structures were expected to 
cyc1ise via a 5-exo-trig pathway. With the choice of a large protecting group and the number 
of Sp2 centres positioned about the molecule we proposed that the strain would be too great 
and therefore, the cyc1ised structures are unfavourable and do not exist. To prove the theory of 
strain we designed the synthesis of two alternative amine based structures. The amine 2.22 
was designed to cyc1ise via a 6-exo-trig pathway and the amine 2.25 was designed to cyc1ise 
via a 7-exo-trig pathway (scheme 5.1) which would result in less strained structures. 
~ ::7'- Palladium yr Radical ~ ~ IN]'' :--~Xf----~N~ --~Xf----; •• lNJ -
I Bn I 
Bn Bn 
2.33 2.22 2.34 
Palladium 
X 
2.25 
Radical 
X • 
Scheme 5.1: Attempted cycIisation of the amines 2.22 and 2.25. 
The syntheses of these two precursors were lengthy for the purpose for which they had been 
designed. Only relatively small quantities of both amines were obtained for this reason. 
Therefore, when it came to the cyc1isation reactions we were not able to screen a range of 
conditions. This was unfortunate as the cyc1isation of the amine 2.22 was the only 
encouraging result and we were not able to repeat it. For the radical cyc1isation of the amine 
2.22 and both the radical and palladium cyc1isation of the amine 2.25 no cyc1ised products 
were seen. The work that we have carried out thus far would not allow for any conclusions to 
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be drawn regarding the comparison of palladium and radical methodologies. We therefore, 
moved onto the work reported in chapter 4. 
We have reported the cyclisation of structures containing the imidoyl moiety using both 
palladium and radical methodologies. In the formation of phenanthridines we have cyclised 
both imines and imidoyl selenides using radical and palladium methodologies respectively 
(scheme 5.2). This insertion of palladium into the C-Se bond of the imidoyl selenide, to our 
knowledge, is the first known report.5.1 We attempted to carry out the palladium methodology 
using both imines and a-chloroimines in order to shorten the synthesis, however we found 
these reactions to be unsuccessful. 
cc2' ,,,,,,::::,,, (,BuOh • 
-"" ~ PhCI, N ,'<::: 140-150 0 C 
-"" 39-51 % 
R 
• 
R 
Toluene, 
Reflux 
22-48% 
R =H, Me, 'Bu, OMe, Cl, NMe2, CF3, N02 
Scheme 5.2: Preparation of phenanthridines from imines and imidoyl selenides. 
After the success with the cyclisations to form the phenanthridines we tested the scope of the 
two methodologies. We were unable to trap the imidoyl species with alkynes using both 
palladium and radical conditions. However, using the palladium conditions we were able to 
cyclise the imidoyl selenide 4.67 to obtain the 6-(I-phenylethyl)phenanthridine 4.71 as well 
as the reduced product, the imine 4.60 (scheme 5.3). 
4.67 
Toluene, 
Reflux 
4.71 4.60 
Scheme 5.3: Cyclisation of the imidoyl selenide 4.67 to gain the 6-(1-
phenylethyl)phenanthridine 4.71 and the imine 4.60. 
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At first we believed we may have formed the bis-cyclised product 4.72 in the reaction. 
However, on closer inspection of the spectra we concluded that the bis-cyclised product 4.72 
had not been formed. 
We have reported the successful cyclisation of the N-heterocycle containing imines 4.78 and 
4.82 (scheme 5.4). Unfortunately, we were unable to synthesise the imidoyl selenide 
analogues to see whether the palladium methodology would work for heterocylic structures. 
N I ~ :u 4.78 .-< N 
NI'" ~ :'CO 4.82 .&.& 
Scheme 5.4: Cyclisations of the imines 4.78 and 4.82. 
When we tried to expand the heterocycl ic work to include thiophene and furan rings we were 
able to synthesise the imines 4.86 and 4.88, but they degraded under the radical conditions 
before they could cyclise. Once again we were unable to synthesise the imidoyl selenide 
analogues in order to perform the palladium conditions. 
From our work we can say that palladium and radical methodologies each have their own 
advantages and disadvantages. The cyclisations to afford the phenanthridines did not produce 
any significant differences between the yields for both radical and palladium methodologies. 
However, this is not a great discussion point as no real attempt was made to optimise the 
yields by screening conditions. However, at this point with respect to the overall yields of the 
two different routes there are significant differences. For the radical route there are only two 
synthetic steps to reach the phenanthridine structures. The imines are obtained in moderate to 
good yield. The purification process is relatively easy and therefore these reactions are simple 
and quick to carry out. For the palladium route four synthetic steps are needed to reach the 
phenanthridines. The synthesis of the amide is straightforward and gives a good yield. 
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However, the two-step fonnation of the imidoyl se\enides is not as easy. The overall yield to 
reach the phenanthridine is significantly lower. Another point to note is the cost of the 
reaction. The reagents for the radical route are relatively cheap and so this route is efficient. 
However, the palladium route requires more expensive reagents. The diphenyl diselenide and 
the K-selectride® used in the fonnation ofthe imidoyl selenide are used in large quantities and 
in the cyc1isation step the palladium is present in higher than catalytic quantities. This is not 
ideal and it would be sensible if further work on this methodology was carried out so that this 
issue was addressed. With all these points in mind it would appear so far that the radical 
methodology is more advantageous. However, when we looked at the scope of the reaction 
we found areas in which the palladium methodology was more advantageous. We were 
unable to synthesise alkyl imines analogous to the alkyl imidoyl selenide and so palladium 
was used to cyc1ise these structure to gain more complex systems with a phenanthridine core. 
When we moved on to heterocyc1ic containing systems we found that the radical methodology 
was more effective. This was because we were unable to synthesis the imidoyl selenides and 
not because of a failing in the methodology. We believe that these methodologies can be 
further enhanced leading to new efficient routes to N-containing heterocyc1es formed in C-C 
bond forming reactions. 
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6 Experimental 
6.1 General experimental 
Infrared spectra were obtained using a Perkin-Elmer Paragon 1000 FT-IR spectrophotometer 
in the range of 4000-600 cm-! (with internal calibration)_ Samples were dissolved in the 
appropriate solvent and applied to sodium chloride plates as thin films_ In the case of liquid 
samples, they were applied neat to the plates and run as thin films. Only the major 
absorbances have been quoted. 
!H NMR spectra were measured at 400 MHz and \3C NMR spectra were measured at 100 
MHz (unless stated otherwise), using a Bruker AC 400 MHz spectrometer. The solvent used 
for spectroscopy was CDCh (unless stated otherwise) using TMS as the internal reference. 
Chemical shifts are given in part per million (ppm) and coupling constants (J values) are 
given in hertz (Hz). Assignment of individual proton signals was assisted by analysis of !H 
COSY spectra. 
Melting points were obtained using an electrical 9100 Thermal melting point instrument and 
are uncorrected. 
Microwave reactions were carried out in a CEM Discover focus microwave set at a maximum 
ofJOOW. 
All solvents and reagents were purified by standard technique or used as supplied from 
chemical sources as appropriate. Light petrol refers to the fraction which boils at 40-60 °C 
Reagent chemicals were purchased from Aldrich Chemical Company Ltd, Lancaster 
Chemical Synthesis Ltd and Acros (Fischer) Chemicals Ltd. Solvents when necessary were 
dried and stored over 4A molecular sieves prior to use. 
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6.2 Experimental procedures 
Synthesis of N-benzyl-3-phenylprop-2-en-l-amine 2.1 
~ ~ 
Bn 
A solution of benzyl amine (2.28 ml, 20.80 mmol) in THF (10 ml) was added to a solution of 
cinnamyl bromide (1.03 g, 5.20 mmol) in THF (10 ml). The reaction was left to stir for 12 h. 
The solvent was removed under reduced pressure and the residue dissolved in EtOAc (25 
mL). The organics were washed with sat. NaHC03 solution (20 ml) and water (20 ml), dried 
(MgS04) and evaporated to dryness under reduced pressure. The resulting crude product was 
purified by column chromatography (silica, 5% EtOAc in light petroleum) to afford the N-
benzyl-3-phenylprop-2-en-1-amine 2.1 (565 mg, 49%) as an orange oil. vmax{thin film)!cm-1 
3421 (NH), 1641 (C=C-Ph), 738 (Ar-CH); On (400 MHz, CDCh) 2.26 (lH, s, NH), 3.38 (2H, 
dd, J 1.4,6.3 Hz, 3-H), 3.78 (2H, s, CH2-Ph), 6.26 (lH, m, 2-H), 6.47 (lH, d, J 15.9 Hz, 1-H), 
7.23 (IOH, m, Ar-H); Oc (lOO MHz, CD Ch) 50.9 (CHCH2NH), 52.3 (CH2Ph), 120.5 
(phCH=CH), 126.9 (Ar-CH), 128.0 (3 x Ar-CH) 128.4 (4 x Ar-CH), 128.7 (2 x Ar-CH), 
131.0 (phCH=C1:I), 136.3 (Ar-C), 141.0 (Ar-C); HRMS (FAB+) Found [M+] 224.2436. 
Cl6HlSN requires 224.2439; mlz (FAB+) 224 ([M+] 100%) 91 (60). 
Synthesis of N-benzylcinnamamide 2.4 
Cinnamoyl chloride (6.29 g, 37.8 mmol) and triethylamine (10.5 ml) were added to a solution 
of benzyl amine (4.12 ml, 37.8 mmol) in DCM (10 ml) at 0 °C_ The mixture was left to stir for 
5 h. The solvent was removed under reduced pressure and the resulting residue dissolved in 
DCM (10 ml). The organics were washed with a sat. NaHC03 solution (10 ml) and water (2 x 
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10 ml), dried (MgS04) and evaporated to dryness under reduced pressure. The resulting crude 
product was purified by recrystallisation from ethyl acetate to afford the N-
benzylcinnamamide 2.4 (6.09 g, 68%) as a white solid, mp 113-115 °C. vmax(thin film)/cm-1 
3265 (NH stretch), 3060 (Ar-H), 1653 (C=O stretch), 1617 (C=C stretch); OH (400 MHz, 
CDCh) 4.51 (2H, d, J 5.76, CH2Ph), 5.85 (1H, s, NH), 6.34 (lH, d, J 15.6, Ph-CH=CH), 
7.25-7.30 (8H, m, Ar-H), 7.42-7.44 (2H, m, Ar-H), 7.61 (lH, d, J 15.6, Ph-CH=CH); Oc (100 
MHz, CDCh) 43.9 (CH2Ph), 120.3 (Ph-CH=CH), 127.7 (Ar-CH), 127.8 (Ar-CH), 128.0 (Ar-
CH), 128.8 (Ar-CH), 128.9 (Ar-CH), 129.8 (Ar-CH), 134.6 (Ar-CH), 134.8 (Ar-C), 138.2 
(Ar-C), 141.5 (Ph-CH=CH), 165.7 (C=O); HRMS (El) Found: [M'"] 238.1235. CI6HISNO, 
requires 238.1232; mlz (El) 238 ([M'"] 100%), 131 (23), 91 (26). 
Synthesis of N-benzyl-2-bromoprop-2-en-l-amine 2.22•2 
Br) 
RN 
I 
Bn 
2,3-Dibromopropene (0.96 ml, 9.33 mmol) was slowly added at 0 °C to a stirred solution of 
benzyl amine (5.10 ml, 46.70 mmol) in the presence ofK2C03 (1.29 g, 9.33 mmol) in DCM 
(25 ml). The reaction was left to stir for 20 h. The solvent was removed under reduced 
pressure and the residue dissolved in diethyl ether (10 ml). The organics were washed with a 
sat. NaHC03 solution (10 ml) and water (2 x 10 ml), dried (MgS04) and evaporated to 
dryness under reduced pressure. The resulting residue was purified by column 
chromatography (alumina, 1% EtOAc in light petroleum) to afford the N-benzyl-2-
bromoprop-2-en-l-amine 2.2 (1.45 g, 69%) as a yellow oil. Vrnax (neat)/cm-1 3421 (NH 
stretch), 1642 (C=C stretch); OH (400 MHz, CDCh) 1.72 (NH)' 3.40 (1H, d, J 0.52 CH2-
C=CH2), 3.67 (lH, s, CH2-Ph), 5.53 (lH, d, J 1.76, A part of AB coupling C=CH2), 5.72 (IH, 
d, J 1.76, B part of AB coupling C=CH2), 7.23 (5H, m, Ar-H); Cc (lOO MHz, CDCh) 51.5 
(CHrPh), 56.6 (Cfh-C=CH2), 118.0 (CH2-C=CH2), 127.2 (2 x Ar-CH), 128.3 (2 x Ar-CH), 
128.5, (Ar-CH), 133.5 (Ar-C), 139.7 (CH2-C); HRMS (El) Found: [M+H+] 226.0233. 
C lOHI2N81Br requires 226.0232; mlz (El) 226 ([M+W] 72%, 81Br) 224 (23, 79Br) 91 (100). 
The spectroscopic data were in agreement with that in the literature.2.2 
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Synthesis of N-benzyl-N-(2-bromoallyl) cinnamamide 2.5 
A solution of cinnamoyl chloride (0.74 g, 4.42 mmol) in DCM (5 ml) was added to a stirred 
solution of the amine 2.2 (1.00 g, 4.42 mmol) and triethylamine (0.23 ml, 8.85 mmol) in 
DCM (5 ml) at 0 °c. The mixture was refluxed at 80°C for 20 h. The reaction was cooled to 
RT. The solvent was removed under reduced pressure and the residue dissolved in DCM (10 
ml). The organics were washed with a sat. NaHC03 solution (10 ml) and water (2 x 10 ml), 
dried (MgS04) and the solvent removed under reduced pressure. The resulting residue was 
purified by column chromatography (silica, 25% EtOAc in light petroleum) to afford the N-
benzyl-N-(2-bromoallyl) cinnamamide 2.5 (1.46 g, 94%) as white crystals, mp 65-67 °c. Vrnax 
(thin film)/cm-I 3026 (Ar-CH stretch), 2650 (C=O stretch), 1608 (C=C stretch); OH (400 MHz, 
DMSO, 100°C) 4.39 (2H, s, CH2NH), 4.74 (2H, s, Ph-CH2), 5.66 (1H, d, J 2.0, A part of AB 
coupling C=CH2), 5.87 (\H, d, J2.0, B part of AB coupling C=CH2), 7.12 (\H, d, J 15.2, Ph-
CH=CH), 7.23-7.39 (JOH, m, Ar-H), 7.63 (JH, m, Ph-CH=CH); oe (100 MHz, DMSO, 
100°C), 50.0 (C-CH2N), 54.3 (CH2-Ph), 119.5 (C=CH2), 119.2 (Ph-CH=CH), 127.7 (2 x Ar-
CH), 128.0 (2 x Ar-CH), 128.3 (2 x Ar-CH), 128.9 (Ar-CH), 129.2 (2 x Ar-CH), 129.9 (Ar-
CH), 129.6 (C=CH2), 135.7 (Ar-C), 138.0 (Ar-C), 142.6 (Ph-CH=CH), 166.8 (C=O); HRMS 
(El) Found: [M+W] 356.0654. CI9HI8N079Br requires 356.0650; mlz (El) 358 ([M+W], 
90%, 8IBr), 356 (95%, 79Br), 276 (32), 131 (100),91 (95). 
Synthesis of N-benzyl-N-2-bromo-N-cinnamylprop-2-en-l-amine 2.3 
~'f 
~ 
Bn 
Cinnamyl bromide (87 mg, 0.44 mmol) was added to the amine 2.2 (lOO mg, 0.44 mmol). The 
reaction was stirred at rt until the reaction mixture had solidified, DCM (2ml) was added and 
the reaction was stirred for a further 1 h. The solvent was removed under reduced pressure 
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and the residue was dissolved in diethyl ether {l0 ml). The organics were washed with water 
(10 ml) and brine (10 ml), dried (MgS04) and the solvent removed under reduced pressure. 
The resulting residue was purified by column chromatography (silica, 5% EtOAc in light 
petroleum) to afford the N-benzyl-N-2-bromo-N-cinnamylprop-2-en-I-amine 2.3 (127 mg, 
84%) as a brown oil. Vmax (thin film)!cm-1 1629 (C=C stretch), 1599 (C=C stretch), 1545 (Ar-
C=C stretch); OH (400 MHz, CDCh) 3.20 (2H, d, J 1.2, CH-CH2N), 3.25 (2H, s, C-CH2N), 
3.62 (2H, s, CH2-Ph), 5.53 {lH, d, J 1.2, A part of AB coupling C=CH2), 5.88 (IH, d, J 1.2, B 
part of AB coupling C=CH2), 6.19 (1H, In, Ph-CH=CH), 6.49 (lH, d, J 16, Ph-CH=CH), 7.25 
(10H, m, Ar-H); Oc (100 MHz, CDCh) 54.4 (C-CH2NH), 56.4 (CH2-Ph), 60.5 (CH-CH2NH), 
117.3 (C=CH2), 125.3 (Ar-CH), 125.9 (Ar-QI), 126.0 (Ar-QI), 126.4 (Ar-QI), 127.3 (2 x 
Ar-CH), 127.5 (2 x Ar-QI), 127.7 (Ar-CH), 131.8 (Ar-CH), 131.2 (C=CH2), 136.0 (Ar-C), 
137.9 (Ar-C); HRMS (FAB+) Found: [M+H+] 342.0858. CI9H2oN79Br requires 342.0857; mlz 
(FAB+) 344 ([M+W], 89%, 81Br) 342 (92, 79Br) 91 (100). 
Synthesis of N-benzyl-N-(2-bromoaIIyl)but-2-enamide 2.6 
:X'j 
o N 
I 
Bn 
Crotonyl chloride (231 mg, 2.21 mmol) was added dropwise to a solution of the amine 2.2 
(500 mg, 2.21 mmol) in DCM (5 ml) at 0 cC. The reaction was stirred for 5 h. The solvent 
removed under reduced pressure and the residue was dissolved in diethyl ether (10 ml). The 
organics were washed with water {l0 ml) and brine (IO ml), dried (MgS04) and the solvent 
removed under reduced pressure. The resulting residue was purified by column 
chromatography (silica, 10% EtOAc in light petroleum) to afford the N-benzyl-N-(2-
bromoaIIyl)but-2-enamide 2.6 (512 mg, 79%) as a yellow oil. Vrnox (neat)!cm-1 1625 (amide: 
c=o stretch); OH (400 MHz, DMSO, 100°C) 1.85 (3H, d, J 10.0, CH3), 4.24 (2H, s, CH2Ph), 
4.60 (2H, s, CH2NH), 5.62 (lH, s, A part of AB coupling C=CH2), 5.82 (lH, s, B part of AB 
coupling C=CH2), 6.47 (lH, d, J 1.6, CH3CH=CH), 6.82 (lH, m, CH3CH=CH), 7.28 (5H, m, 
Ar-H); oe (100 MHz, DMSO, 100°C) 18.05 (CH3), 119.1, 122.5, 127.7; HRMS (FAB+) 
Found: [M+H+] 294.0489. C1ili17N79BrO requires 294.0493; mlz (FAB+) 296 ([M+H+] 81Br, 
95%),294 (9Br, 100),214 (22),91 (65),69 (33),57 (24),55 (23). 
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Synthesis of N-benzyl-N-(2-bromoallyl)but-2-en-l-amine 2.7 
~'Y 
N 
I 
Bn 
Crotyl bromide (0.1 ml, 0.44 mmol) was added neat to amine 2.2 (100 mg, 0.44 mmol). The 
reaction was stirred for 2 h at which point the reaction had solidified. DCM was added to the 
reaction and the reaction was stirred for a further 1 h. The solvent was removed under reduced 
pressure and the residue was dissolved in EtOAc. The organics were washed with saturated 
NaHC03 solution (10 m!), brine (10 ml) and water (10 ml). The organics were dried (MgS04) 
and evaporated to dryness under reduced pressure. The resulting crude product was purified 
by column chromatography (silica, 5% EtOAc in light petroleum) to yield the N-benzyl-N-(2-
bromoallyl)but-2-en-l-amine 2.7 (74 mg, 60%) as an orange oil. Vmax (neat)/cm,lI656 (C=C 
stretch), 1545 (Ar C=C stretch); OH (400 MHz, CDCh) 1.62 (3H, dd, J 1.2, 6.0, CH3), 2.97 
(2H, d, J 6.4, CHCH2N), 3.17 (2H, 1, J 0.8, CCH2N), 3.54 (2H, s, PhCH2), 5.48 (3H, m, 
CH3CH=CH and C=CH2), 5.85 (Ill, m, CH3CH=CH), 7.22 (5H, m, Ar-H); oc (100 MHz, 
CDCh) 17.9 (CH3), 55.1 (CHCH2N), 57.2 (PhCH2), 61.3 (CCH2N), 117.9 (CH2=CBr), 126.9 
(Ar-C), 127.7 (CH3CH=GI), 128.2 (2 x Ar-CH), 128.7 (2 x Ar-CH), 128.9 (CH3CH=CH), 
132.3 (CBr), 139.1 (Ar-C); HRMS (FAB+) Found: [M+W] 280.0699. C14H1979BrN requires 
280.0701; mlz (FAB+) 282 ([M+W], 81Br, 56%), 280 (79Br, 100),91 (66). 
Synthesis of 3-chlorocarbonyl-acrylic acid methyl ester 2.156.1 
Fumaric acid monoethyl ester (1.00 g, 3.84 mmol) was dissolved in thionyl chloride (10 ml). 
The reaction was refluxed at 80 °c for 3 h. The solvent was removed under reduced pressure 
and the resulting residue was dissolved in EtOAc. The organics were washed with sat. 
NaHC03 solution (10 ml) water (10 ml) and brine (10 ml). The organics were dried (MgS04) 
and evaporated to dryness under pressure. The desired crude 3-chlorocarbonyl-acrylic acid 
methyl ester (399 mg, 70%) was carried on to the next stage without purification. 
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Preparation of methyl-4-[benzyl(2-bro moallyl)amino ]-4-oxobut-2-enoate 2.16 
Method A: The 3-chlorocarbonyl-acrylic acid methyl ester 2.15 (200 mg, 1.35 mmol) was 
added to a solution of the amine 2.2 (304 mg, 1.35 mmol) and triethylamine (0.38 ml, 2.70 
mmol) in diethyl ether (5 ml) at 0 °C. The reaction was stirred for 5 h. The solvent removed 
under reduced pressure and the residue was dissolved in EtOAc (10 ml). The organics were 
washed with water (10 ml) and brine (10 ml). The organics were combined and dried 
(MgS04) and the solvent removed under reduced pressure. The resulting residue was purified 
by column chromatography (silica, 10% EtOAc in light petroleum) to afford the methyl-4-
[benzyl(2-bromoallyl)amino]-4-oxobut-2-enoate 2.16 (160 mg, 35%) as an orange oil. 
Method B: DCC (268 mg, 1.30 mmol) was added under nitrogen to a solution of fumaric acid 
monoethyl ester (143 mg, 1.10 mmol) in DCM (5 ml). The reaction was stirred at rt for 2 h. A 
solution of amine 2.2 (226 mg, 1.00 mmol) in DCM (5 ml) was added to the reaction drop 
wise at 0 qc. The reaction was left to stir for 2 h at rt. The solvent removed under reduced 
pressure and the residue was dissolved in EtOAc (10 ml). The organics were washed with 
water (10 ml) and brine (10 ml). The organics were combined and dried (MgS04) and 
evaporated to dryness under reduced pressure. The resulting residue was purified by column 
chromatography (silica, 10% EtOAc in light petroleum) to afford the methyl-4-[benzyl(2-
bromoallyl)amino]-4-oxobut-2-enoate 2.16 (254 mg, 75%) as an orange oil. 
vmaK (thin film)/cm-1 1725 (C02Me), 1615 (C=O); OH (400 MHz, CDCh) 1.21 (3H, s, CH3), 
4.03 (lH, s, A part of AB coupling C=CH2), 4.24 (lH, s, B part of AB coupling C=CH2), 4.59 
(2H, d, J 5.6, PhCH2), 5.63 (2H, m, C-CH2N), 6.82 (lH, dd, J 2.8 15.2, CH=CH-CO), 7.23 
(6H, m, CH=CH-CO and Ar-H); Qc (100 MHz, CDCh) 51.3 (PhCH2), 52.2 (C02GI3), 61.3 
(CBrGI2N), 119.1 (CBr), 124.5 (CH2CBr), 127.3 (Ar-CH), 127.6 (2 x Ar-CH), 128.4 (2 x Ar-
CH), 129.4 (GI=CHCH2), 133.3 (CH=GICH2), 142.1 (Ar-C), 164.0 (NC=O), 167.1 
(C02Me); HRMS (FAB'") Found: [M+] 337.0313. CIsHI6NO/l13r requires 337.0314; mlz 
(FAB'"}339 ([M+] 81Br, 45%), 337 (~r, 67), 91 (100). 
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Preparation of methyl-4-[benzyl(2-bromoallyl)amino]but-2-enoate 2.14 
~:y 
N 
I 
Bn 
Methyl-4-bromocrotonate (0.11 ml, 1.00 mmol) was added to amine 2.2 (226mg, 1.00 mrnol). 
The reaction was stirred for 2 h. Once the reaction had solidified DCM (5 ml) was added to 
dissolve the residue and the reaction was stirred for a further 1 h. The solvent was removed 
under reduced pressure and the residue was dissolved in EtOAc. The organics were washed 
with saturated NaHC03 solution (10 rnl), water (10 ml) and brine (10 rnl). The organics were 
dried (MgS04) and evaporated to dryness under reduced pressure. The resulting residue was 
purified by column chromatography (silica, 5% EtOAc in light petroleum) to yield the desired 
methyl-4-[benzyl(2-brornoalIyl)amino]but-2-enoate 2.14 (198 rng, 61%) as an orange oil. Vrnax 
(thin film)/cm-l 1718 (C02Me), 1628 (C=C stretch); OH (400 MHz, CDCh) 3.23 (3H, s, CH3), 
3.59 (4H, m, CH2NCH2), 3.96 (2H, s, PhCH2), 5.54 (lH, s, CH=CHCH2), 6.03 (2H, m, 
C=CH2), 6.62 (IH, rn, CH=CHCH2), 7.25 (5H, m, Ar-B); Oc (100 MHz, CDCh) 28.8 (CH3), 
53.7 (PhCH2), 57.8 (CH2CH=CH), 61.9 (NCH2CBr), 118.9 (CH2=CBr), 122.3 (CH2CH=CH), 
123.4 (CH2CH=CH), 127.4 (Ar-CH), 128.5 (2 x Ar-CH), 128.7(2 x Ar-CH), 131.3 (Ar-C), 
138.1 (C-Br), 170.7 (C=O); HRMS (FAB+) Found: [M+W] 325.2207. ClsHl979BrN02 
requires 325.2209; m/z (FAB+) 327 ([M+W] 81Br, 67%), 325 (~r, 100),91 (75). 
Preparation of N-allyl-4-methylbenzenesulfonamide 2.202•4 
A solution of allylamine (5.00 rnl, 66.7 mrnol) and EhN (9.30 ml, 66.7 mmol) in DCM (20 
ml) was added dropwise to a solution of p-toluenesulfonylchloride (11.56 g, 60.7 rnmol) in 
DCM (80 rnl). The reaction was stirred at RT for 5 h. The reaction was filtered and the solids 
washed with DCM (20 ml). The filtrate was washed with aqueous NaHC03 (40 m\), water (40 
ml) and brine (40 ml). The organics were dried (MgS04) and the solvent removed under 
reduced pressure to yield the N-alIyl-4-methylbenzenesulfonamide 2.20 (12.32 g, 87%) as a 
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waxy white solid. Vm•x (DCM)!cm-1 3421 (NH stretch), 1646 (C=C); IiH (400 MHz, CDCb) 
/." 
2.36 (3H, s, PhCH3), 3.50 (2ll, tt, J 1.6, 6.0, CHzNH), 4.89 (Ill, s, NH), 5.01 (Ill, dq, J 1.2, 
10.4, A part of AB coupling CHz=CH), 5.10 (lH, dq, J 1.6, 17.2, B part of AB coupling 
CHz=CH), 5.64 (lH, m, CHz=CH), 7.24 (2H, d, J 8.0, Ar-H), 7.69 (2H, d, J 4.2, Ar-H); lie 
(100 MHz, CDCb) 21.6 (CH3), 45.9 (CHzNH), 117.6 (CH2=CH), 127.2 (2 x Ar-CH), 129.7 (2 
x Ar-CH), 133.0 (CHz=CH), 136.9 (Ar-C-CH3), 143.5 (Ar-C-SOz); HRMS (FAB+) Found: 
[M+W] 212.0748. CIOH13NOZS requires 212.0745); mlz (FAB+) 212 ([M+W] 100%) 155 
(53) 102 (54) 91 (34). 
The spectroscopic data were in agreement with those in the literature.2.4 
Preparation of N-allyI-N-(2-bromoallyI)-4-methylbenzenesulfonamide 2.172.4 
2,3-Dibromopropene (0.93 ml, 8.98 mmol) was added dropwise to a solution of N-allyl-4-
methylbenzenesulfonamide 2.20 (1.46 g, 6.91 mmol) and KZC03 (1.91 g, 13.8 mmol) in 
toluene (25 ml). The reaction was refluxed for 15 h. The solvent was removed under reduced 
pressure and the residue was dissolved in EtOAc (10 ml). The organics were washed with 
water (2xl0 mI) and brine (10 ml). The organics were dried (MgS04) and the solvent 
removed under reduced pressure. The resulting residue was purified by column 
chromatography (alumina, 5% EtOAc in light petroleum) to afford the N-allyl-N-(2-
bromoallyl)-4-methylbenzenesulfonamide 2.17 (2.17 g, 95%) as a yellow oil. Vm• x (neat)!cm-1 
2975 (Ar-CH3), 1630 (C=C), 675(C-Br); IiH (400 MHz, CDCb) 2.42 (3H, s, CH3), 3.84 (2H, 
d, J 6.8, CHCH2N), 4.02 (2ll, s, CBrCHzN), 5.14 (2H, m, CHz=CBr), 5.57 (2H, m, A part of 
AB coupling, CH=CHz and CHz=CH), 5.85 (lH, m, A part of AB coupling, CH=CHz), 7.31 
(2H, d, J 8.0, Ar-H), 7.72 (2H, d, J 8.0, Ar-H); lie (lOO MHz, CDCb) 21.5 (CH3), 50.0 
(CHCHzN), 53.8 (CBrCH2N), 119.3 (CH=CHz), 120.0 (CBr=CH2), 127.2 (2 x Ar-CH) 127.9 
(CHz=CH), 129.7 (2 x Ar-CH), 132.3 (CBr), 137.0 (Ar-C) 143.6 (Ar-C). 
The spectroscopic data were in agreement with those in the literature.2•4 
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Preparation of 4-bromobut-3-yn-I-oI2.352.7 
/~OH /P Br 
Brz (1.4 ml, 26.8 mmol) was added to a solution ofKOH (6.02 g, 107 mmol) in water (15 ml). 
The solution was cooled to 0 °C and the flask was covered in aluminium foil. 3-Butyn-l-ol 
was added slowly and the reaction stirred at 0 °C for 3 h. The reaction was extracted with 
Et20 (2 x 25 ml). The organics were dried (MgS04) and the solvent removed under reduced 
pressure to afford the 4-bromobut-3-yn-l-ol 2.35 (3.55 g crude) as a yellow oil. Vrnax (thin 
film)/cm-I 3340 (OH) 2216 (alkyne); OH (400 MHz, CDCh) 2.47 (2H, t, J 6.4, C-CH2), 2.89 
(1H, s, OH), 3.72 (2H, t, J 6.4, CH20H); 0c(100 MHz, CDCh) 23.9 (CCH2), 39.9 (CBr), 60.7 
(CH20H), 70.2 (C-CH2); HRMS (El) Found: [M+Ht] 147.9525. CMs'9BrO requires 
147.9528; mlz (El) 150 ([M+Wj 30%, sIBr), 148 (35%, 79Br), 120 (92), 119 (30), 118 (100), 
117 (28), 69 (22). 
The spectroscopic data were in agreement with those in the literature.2.7 
Preparation of (Z)-4-bromobut-3-en-I-oI2.36.2·s 
~OH 
Br 
To a solution of 2.35 (7.68 g, 51.55 mmol) in THFIH20 (1:1, 40 ml) p-toluenesulfonyl 
hydrazide (9.60 g, 51.55 mmol) and NaOAc (4.23 g, 51.55 mmol) were added. The reaction 
was heated at 80°C for 6 h. The reaction was allowed to cool. The reaction was extracted 
with DCM (3 x 25 ml) The organics were washed with water (20 ml) and brine (20 ml), dried 
(MgS04) and the solvent removed under reduced pressure. The resulting oil was further 
purified by column chromatography (silica, 5% EtOAc in light petroleum) to afford the (Z)-4-
bromobut-3-en-l-ol 2.36 (6.61 g, 80%) as a yellow oil. Vrnax (thin film)/cm-I 3358 (OH); OH 
(400 MHz, CDCh) 2.32 (1H, s, OH), 2.48 (2H, m, CH-CH2), 3.73 (2H, t, J 6.4, CH20H), 6.20 
(!H, q, J 6.8, 7.2, C(Br)H=CH), 6.29 (lH, dt, J 1.67.2, CHCH2); oc (100 MHz, CDCh) 23.9 
(CH-CIh), 33.2 (CH20H), 110.0 (C(Br)H=CH), 131.2 (C(Br)H=CH). 
The spectroscopic data were in agreement with those in the Iiterature.z·s 
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Preparation of (Z)-4-bromobut-3-enylmethanesulfonate 2.376.2 
~OMS 
Br 
.. 
Triethylamine (4.15 ml, 29.8 mmol) was added to a solution of the alcohol 2.36 (3.00 g, 19.9 
mmol) in DCM (75 ml). The reaction was cooled to 0 °C and methanesulfonyl chloride (1.85 
ml, 23.8 mmol) was added dropwise to the reaction. The reaction was allowed to warm to rt 
and stirred overnight. Water (50 ml) was added to quench the reaction. The reaction was 
extracted with DCM (3 x 25 ml). The organics were washed with NaHCOJ (2 x 25 ml), water 
(2 x 25 ml) and brine (25 ml). The organics were dried (MgS04) and the solvent removed 
under reduced pressure. The resulting oil was further purified by column chromatography 
(silica, 20% EtOAc in light petroleum) to yield the (Z)-4-bromobut-3-enylmethanesulfonate 
2.37 (4.83 g, 100%) as a yellow oil. Vrnax (thin film)/cm-1 3024 (C=C stretch); OH (400 MHz,' 
CD Ch) 2.69 (2H, m, CH2CH20Ms), 3.07 (3H, s, SOJCHJ), 4.30 (2H, t, J7.2, CH2CH20Ms), 
6.19 (JH, q, J 6.8, CBrH=CHCH2), 6.37 (JH, dt, J 1.2, 7.2, CBrH=CHCH2); oc(IOO MHz, 
CDCh) 29.8 (0I2CHzOMs), 74.9 (SOJOIJ), 67.7 (CHz0I20Ms), 111.4 (CHBr=OICHz), 
129.0 (OIBr=CHCHz); HRMS (FAB+) Found: [M+W] 228.9538. CSH\081BrOJS requires 
228.9534; mlz (FAB+) 229 ([M+H'] 81Br, 7%), 227 C9Br, 5),154 (52), 137 (41), 136 (37), 135 
(23), 133 (32), 102 (lOO). 
The spectroscopic data were in agreement with those in the literature.6.2 
Preparation of (Z)-1-bromo-4-iodobut-l-ene 2.386.3 
~I 
Br 
Sodium iodide (39.26 g, 262 mmol) was added to a solution of the (Z)-4-bromobut-3-
enylmethanesulfonate 2.37 (4.00 g, 17.5 mmol) in dry acetone (150 ml) under nitrogen. The 
reaction was refluxed for 24 h. The solvent was removed under reduced pressure and the 
resulting residue was redissolved in Et20 (50 ml). The solids were filtered on a bed of celite 
and the filtrate washed with water (2 x 25 ml) and brine (25 ml). The crude product was 
further purified by column chromatography (silica, 10% EtOAc in light petroleum) to yield 
the (Z)-I-bromo-4-iodobut-I-ene 2.38 (3.83 g, 84%) as a red oil. Vrnax (thin film)/cm-l 1620 
150 
(C=C), (C-Br); OH (400 MHz, CDCh) 2.81 (2H, m, CH2I), 3.21 (2H, q, J 6.87.2, CH2CH2I), 
6.15 (1, q, J 6.8,7.2, CBrH=CH), 6.34 (1H, dt, J 1.27.2, CBrH=CH); oc(100 MHz, CDCh) 
2.2 (4-C), 24.5 (3-C), 109.6 (I-C), 132.9 (2-C); HRMS (Et) Found: [M+] 259.8694. 
CJl<;79BrI requires 259.8697); mlz (EI1260 ([M+], 14%, 81Br) 258 (12%, ~r) 135 (57) 133 
(100) 131 (55) 53 (33) 51 (26). 
The spectroscopic data were in agreement with those in the literature.6.3 
Preparation of (Z)-N-benzyl-4-bromobut-3-en-l-amine 2.41 
The (Z)-I-bromo-4-iodobut-l-ene 2.38 (2.50 g, 9.58 mmol) was added to a mixture of 
benzylamine (4.18 ml, 38.3 mmol) and K2C03 (2.65 g, 19.2 mmol) in DCM (40 ml). The 
reaction was stirred at rt for 5h. The solvent was removed under reduced pressure. The residue 
was dissolved in EtOAc (20 ml) and washed with NaHC03 (10 ml), water (10 ml) and brine 
(10 ml). The organics were dried (MgS04), filtered and the solvent removed under reduced 
pressure. The resulting oil was further purified by columned chromatography (silica, 1 : 1, 
EtOAc : light petroleum) to yield the (Z)-N-benzyl-4-bromobut-3-en-l-amine 2.41 (1.69 g, 
68%) as a yellow oil. Vmax (thin film)/cm"l 3308 (R2NH), 3081 (Ar-H), 2915 (CH2), 1494 
(R2NH), 1452 (CH2), 1288 (CH=CH); OH (400 MHz, CDCh) 1.43 (IH, s, NH), 2.41 (2H, m, 
CH2CH2NH), 2.73 (2H, t, J 6.8, CH2CH2NH), 3.79 (2H, s, CH2Ph), 6.12 (1H, q, J 6.8, 
CH=CHCH2), 6.21 (IH, dt, J 1.6, 6.8, CH=CHCH2), 7.27 (5H, m, Ar-H); oc (lOO MHz, 
CDCh) 30.4 (CI-hCH2NH), 47.4 (CH2aI2NH), 53.6 (CfhPh), 109.1 (CH=CHCH2), 126.9 
(Ar-CH), 128.1 (2 x Ar-CH), 128.4 (2 x Ar-CH), 132.7 (aI=CHCH2), 140.2 (Ar-C); HRMS 
(FAB+) Found: [M+] 240.0313. CllH14N79Br requires 240.0309; mlz (FAB+) 242 ([M+]81Br, 
34%),240 C9Br, 44), 120 (25), 91 (100). 
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Preparation of N-benzyl-N-[(Z)-4-bromobut-3-enyl]but-2-en-l-amine 2.25 
Crotyl bromide (0.5 ml, 5.00 mmol) was added to the (Z)-N-benzyl-4-bromobut-3-en-l-amine 
2.41 (400 mg, 1.67 mmol). The reaction was stirred neat at rt for 1 h. DCM (1 ml) was added 
and the reaction stirred for a further 4 h. The solvent was removed under reduced pressure and 
the residue dissolved in EtOAc (20 ml). The organics were washed with a solution of 
NaHC03 (10 ml), water (10 ml) and brine (10 ml). The organics were dried (MgS04), filtered 
and the solvent removed under reduced pressure. The crude product was further purified by 
column chromatography (silica, 2% EtOAc in light petroleum) to give the N-benzyl-N-[(Z)-4-
bromobut-3-enyl]but-2-en-l-amine 2.25 (3.56 g, 82%) as a pale yellow oil. Vrnax (thin 
film)/cm-1 3024 (alkene-H stretch), 2853 (alkane), 2799 (NR3); OH (400 MHz, CDCh) 1.69 
(3H, dd, J 1.2, 6.0, CH3), 2.38 (2H, m, CBrH=CHCH2CH2), 2.53 (2H, m, 
CBrH=CHCH2CH2), 3.03 (2H, d, J 6.4, CH2CH=CHCH3), 3.58 (2H, m, CH2Ph), 5.55 (2H, m, 
CBrH=CHCH2CH2), 6.12 (2H, m, CH2CH=CHCH3), 7.27 (5H, m, Ar-H); Oc (100 MHz, 
CDCh) 17.9 (CH2CH=CHCH3), 27.5 (CBrH=CHCH2CH2), 51.1 (CBrH=CHCHzCHz), 55.6 
(CH2CH=CHCH3), 57.8 (CH2Ph), 108.2 (CBrH=CHCHzCHz), 126.8 (CHzCH=CHCH3), 
128.1 (3 x ArCH), 128.5 (CHzCH=CHCH3), 128.9 (2 x Ar-CH), 133.2 (CBrH=CHCHzCHz), 
139.6 (Ar-C); HRMS (FAB+) Found: [M+W] 292.0704. ClsHzoN79Br requires 292.0701; mlz 
(FAB+) 294 ([M+W] 81Br, 29"10), 292 (79Br, 20), 174 (100), 91 (90),55 (42). 
Preparation of 3-bromobut-3-enyl acetate 2.29 
Br 0 
~oA. 
To 3-butyn-l-ol (5.4 ml, 71.3 mmol) at 0 °C, HBr (45% in acetic acid, 6.10 ml, 108 mmol) 
was added portion wise (1 ml) over 30 min. The reaction was stirred overnight whilst being 
allowed to warm up to RT. Water (10 ml) was added to the reaction. The reaction was 
basified to pH 8 with a saturated solution ofNa2C03. The aqueous was extracted with DCM 
(3x 10 ml). The organics were washed with a saturated solution ofNa2C03 (20 ml), brine (20 
ml) and water (20 ml). The organics were dried (MgS04), filtered and the solvent removed 
under reduced temperature and pressure. No further purification was carried out leaving the 3-
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bromobut-3-enyl acetate 2.29 (8.89g, 65%) as a clear oil. Vrnax (thin film)!cm-1 1740 (ester), 
1631 (alkene), 1240 (ester); 011 (400 MHz, CDCh) 2.06 (3H, s, CH3), 2.75 (2H, dt, J 0.86.4, 
CH2CH2CBr), 4.26 (2H, t, J 6.4, CH2CH2CBr), 5.51 (lH, d, J 1.6, A part of AB coupling 
C=CH2), 5.67 (lH, m, B part of AB coupling C=CH2); oc(lOO MHz, CDCh) 21.0 (CH3), 40.5 
(CH2CH2CBr), 62.3 (CH2CH2CBr), 119.0 (C=CH2), 129.4 (CBr), 170.8 (C(O)CH3); HRMS 
(Ell Found: [M+W] 192.9867. C6H1079Br02 requires 192.9864; mlz (Ell 195 ([M+W] 5%, 
81Br) 193 (5%, 79Br) 181 (97) 169 (100) 162 (25). 
Preparation of 3-bromobut-3-en-l-oI2.28 
Br 
~OH 
A solution of LiOH (1.23 g, 51.28 mmot) in water (5 ml) was added to a solution of 3-
bromobut-3-enyl acetate 2.29 (1.98 g, lO.26 mmol) in THFlWater (1:1,30 ml). The reaction 
was stirred at rt for 1 h. The reaction was extracted with DCM (3 x lO ml). The organics were 
washed with NaHC03 (lO ml) water (lO ml) and brine (lO ml). The organics were dried 
(MgS04), filtered and the solvent removed under reduced temperature and reduced pressure to 
yield the 3-bromobut-3-en-l-01 2.28 as a pale yellow oil. Vmax (thin film)!cm-1 3298 (OH), 
1629 (alkene); OH (400 MHz, CDCh) 1.59 (lH, s, OH), 2.67 (2H, t, J 6.0, CH2CH20H), 3.81 
(2H, t, J 6.0, CH2CH20H), 5.58 (lH, d, J 1.6, A part of AB coupling C=CH2), 5.71 (lH, d, J 
1.6, B part of AB coupling C=CH2). 
Compound decomposed before 13C NMR spectroscopy and mass spectrometry could be 
carried out. 
Preparation of 3-bromobut-3-enylmethanesulfonate 2.30 
Triethylamine (0.42 ml, 2.98 mmol) was added to solution ofthe 3-bromobut-3-en-l-01 2.28 
(225 mg, 1.49 mmol) in DCM (5 ml). The reaction was cooled to 0 °C and MsCl (0.11 ml, 
1.49 mmol) was added dropwise. The reaction was allowed to warm up to rt and stirred for 14 
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h. DCM (15 ml) was added to the reaction. The reaction was washed with a saturated 
NaHC03 solution (2 x 10 ml), water (2 x 10 ml) and brine (10 ml). The organics were dried 
(MgS04) and the solvent removed under reduced pressure. The resulting reside was purified 
by column chromatography (silica, 20% EtOAc in light petroleum) to yield the 3-bromobut-3-
enylmethanesulfonate 2.30 (335 mg, 98%) as a yellow oil. Vmax (thin film)!cm-I 3025 (C=C), 
2938 (C=C), 1175 (S=O stretch); OH (400 MHz, CDCb) 2.86 (2H, dt, J 0.8 6.4, 
MsOCH2CH2), 3.04 (3H, s, CH3), 4.40 (2H, t, J 6.0, MsOCH2CH2), 5.59 (lH, d, J2.0, A part 
of AB coupling C=CH2), 5.77 (1H, m, B part of AB coupling C=CH2); Oc (lOO MHz, CDCb) 
18.8 (CH3), 40.0 (MsOCH2CH2), 65.7 (MsOCH2CH2), 119.6 (CBr=CH2), 126.6 (CBr); 
HRMS (FAB+) Found: [M+W] 228.9538. C3H\079Br03S requires 228.9340; mlz (FAB+) 231 
([M+H+] slBr, 22%), 229 C9Br, 23), 155 (26), 154 (100), 149 (26), 138 (26), 137 (58), 136 
(54), 135 (66), I33 (65). 
Preparation of 2-bromo-4-iodobut-l-ene 2.31 
Br 
~I 
The 3-bromobut-3-enylmethanesulfonate 2.30 (3.57 g, 15.59 mmol) was dissolved in dry 
acetone (100 ml) under N2 (g) and NaI (34.82 g, 233.84 mmol) was added. The reaction was 
refluxed for 24 h. The reaction was allowed to cool and EhO (lOO ml) was added to the 
reaction. The solids were filtered off and the solvent was removed from the filtrate under 
reduced pressure. The crude residue was redissolved in EhO (20 ml). The organics were 
washed with water (2 x 10 ml), brine (20 ml), dried (MgS04) and the solvent removed under 
reduced pressure. The resulting residue was further purified by column chromatography 
(silica, 5% EtOAc in light petroleum) to yield the 2-bromo-4-iodobut-I-ene 2.31 (3.67 g, 
90%) as a pale red oil. Vmax (thin film)!cm- I 1630 (alkene), 1434 (alkane), 1417 (alkene), 1170 
(C-I); OH (400 MHz, CDCb) 2.93 (2H, dt, J 0.8 6.8, ICH2CH2), 3.33 (2H, t, J 7.2, CH21), 5.56 
(lH, d, J 1.6, A part of AB coupling C=CH2), 5.68 (lH, m, B part of AB coupling C=CH2); Oc 
(lOO MHz, CDCb) 0.3 (CH2I), 42.6 (ICH2CH2), 116.8 (CBr=CH2), 129.4 (CBr=CH2); HRMS 
(FAB) Found: [M+] 259.8694. C.JI679BrI requires 259.8698; mlz (FAB) 262 ([M+] 81Br, 
100%),260 C9Br, 99), 154 (25), 135 (47), 133 (48), 95 (22), 57 (29), 55 (39). 
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Preparation of N-benzyl-3-bromobut-3-en-l-amine 2.32 
The 2-bromo-4-iodobut-I-ene 2.31 (4.00 g, 15.33 mmol) was added dropwise to a mixture of 
benzylamine (6.70 ml, 61.32 mmol) and K2C03 (4.24 g, 30.66 mmol) in DCM (50 ml). The 
reaction was stirred at rt for 16 h. The solvent was removed under reduced pressure. The 
residue was redissolved in EtOAc (25 ml). The organics were washed with NaHC03 (25 ml), 
water (3x20 ml) and brine (25 ml). The organics were dried (MgS04), filtered and the solvent 
removed under reduced pressure. The resulting residue was further purified by column 
chromatography (silica, 20% EtOAc in light petroleum) to yield the N-benzyl-3-bromobut-3-
en-I-amine 2.32 (2.65 g, 75%) as a yellow oil. Vmax (thin film)/cm-I 3308 (NH stretch), 3061 
(Ar-H), 3025 (C=C stretch); Oil (400 MHz, CDCh) 1.45 (lH, s, NH), 2.62 (2H, d, J 6.4, 
NHCH2CH2), 2.84 (2H, d, J 6.4, NHCH2CH2), 3.80 (2H, s, CH2Ph), 5.46 (lH, d, J 1.6, A part 
of AB coupling C=CH2), 5.64(1H, d, J 1.6, B part of AB coupling C=CH2), 7.23 (5H, m, Ar-
H); oc (100 MHz, CDCh) 41.6 (NHCH2CH2), 46.6 (NHCH2CH2), 53.7 (CH2Ph), 118.3 
(C=CH2), 127.0 (Ar-CH), 128.1 (2 x ArCH), 128.4 (2 x ArCH), 132.1 (CBr), 140.0 (ArC); 
HRMS (FAB+) Found: [M+W] 240.0390. CuHIsN79Br requires 240.0387; mlz (FAB+) 242 
([M+W] 81Br, 44%), 240 (9Br, 56),174 (63),120 (42), 91 (100). 
Preparation of (E)-N-benzyl-N-(3-bromobut-3-enyl)-but-2-en-l-amine 2.22 
Br 
~N~ 
I 
Bn 
Crotyl bromide (0.64 ml, 6.35 mmol) was added to the N-benzyl-3-bromobut-3-en-I-amine 
2.32 (1.00 g, 4.16 mmol) neat. The reaction was left to stir until it had solidified, then DCM 
was added and the reaction was stirred for a further I h. The solvent as removed under 
reduced pressure and the residue redissolved in EtOAc (10 ml). The organics were washed 
with NaHC03 (5 ml), water (2 x 5 ml) and brine (5 ml). The organics were dried (MgS04), 
filtered and the solvent removed under reduced pressure. The resulting oil was further purified 
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by column chromatography (silica, 20% EtOAc in light petroleum) to yield the (E)-N-benzyl-
N-(3-bromobut-3-enyl)-but-2-en-I-amine 2.22 (1.06 g, 87%) as a yellow oil. Vrnax (thin 
film)/cm- 1 3023 (C=C stretch); OH (400 MHz, CDCh) 1.69 (3H, dd, J 1.2,6.0, CH3), 2.58 (2H, 
m, NCH2CH2), 2.70 (2H, m, NCH2CH2), 3.02 (2H, d, J 6.0, CH2CH), 3.58 (2H, s, CH2Ph), 
5.40 (111, t, J 1.6, A part of AB coupling C=CH2), 5.55 (3H, m, B part of AB coupling C=CH2 
and CH=CHCH3), 7.27 (5H, m, Ar-H); oc (lOO MHz, CDCh) 17.9 (CH3), 39.1 (NCH2Clh), 
51.5 (NCH2CH2), 55.8 (CH2CH=CHCH3), 58.0 (CH~h), 117.3 (C=CH2), 126.8 (Ar-CH), 
127.9 (CH=CHCH3), 128.1 (2 x Ar-CH) 128.6 (CH=CHCH3) 128.8 (2 x Ar-CH), 132.6 
(CBr), 139.5 (Ar-C); HRMS (FAB+) Found: [M+ff] 294.0861. CISH21N81Br requires 
294.0857; mlz (FAB+) 294 ([M+ff] 81Sr, 58%),292 (9Br, 41), 174 (100),91 (84), 55 (24). 
Preparation of N-(pyridine-2-ylmethylene)pentan-l-amine 3.e.2 
n-Pentylamine (1 ml, 8.6 mmol) was added to a solution ofpyridine 2-carboxaldehyde (0.82 
ml, 8.62 mmol) in dry EhO (5 ml) in the presence of 4 A molecular sieves under an 
atmosphere of N2(g) at 0 °C. The solvent was removed under reduced pressure to yield the N-
(pyridine-2-ylmethylene)pentan-1-amine 3.1 (1.27 g, 84%) as a yellow oil. Vrnax (thin 
film)lcm- I 3044 (Ar-H), 1613 R2C=NR), 1437 (CH3/CH2); OH (400 MHz, CDCh) 0.82 (3H, t, 
J 6.8, CH3), 1.28 (4H, m, NCH2CH2CH2), 1.65 (2H, m, CH3CH2), 3.59 (2H, dt, J 1.2, 7.2, 
NCH2), 7.22 (lH, ddd, J 1.2,2.8,4.8, Ar-H), 7.65 (lH, dd, J 1.6,8, Ar-H), 7.91 (IH, dt, J 1.2, 
8, Ar-H), 8.30 (IH, s, N=C-H), 8.56 (lH, dq, J 0.8,4.8, Ar-H); Oc (100 MHz, CDCh) 14.0 
(CH3), 22.4 (NCH2CH2CH2), 29.5 (NCH2CH2), 30.3 (CH3CH2), 61.5 (NCH2), 121.1 (Ar-CH), 
124.5 (Ar-CH), 136.5 (Ar-CH), 149.3 (Ar-CH), 154.6 (Ar-C), 161.6 (C=N). 
The spectroscopic data were in agreement with those in the literature,u 
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Preparation of N-allyl-2,2,2-trichloro-N-tosylacetarnide 3.2 
Of 
Cl C)lN 
3 I 
O=S=O 
Triethylamine (0.33 ml, 2.36 mmol) was added to a solution of the N-allyl-4-
methylbenzenesulfonamide 2.20 (250 mg, 1.18 mmol) in DCM (5 ml). The solution was 
cooled to 0 °c and trichloroacetyl chloride (0.20 rnl, 1.77 mmol) was added dropwise. The 
reaction was allowed to warm to rt and stirred for 5 h. The solvent was removed under 
reduced pressure. The residue was redissolved in EtOAc (10 ml) and washed with NaHC03 
(10 ml), water (10 ml) and brine (10 ml). The organics were dried (MgS04), filtered and the 
solvent removed under reduced pressure. The resulting residue was further purified by column 
chromatography (silica, 5% EtOAc in light petroleum) to give the N-allyl-2,2,2-trichloro-N-
tosylacetamide 3.2 (253 rng, 60%) as a clear oil. Vrnax (thin film)/cm·1 1771 (C=O); DH (400 
MHz, CDCh) 2.45 (3H, s, PhCH3), 4.92 (2B, d!, J 1.6, 5.2, CH2CH=CB2), 5.39 (Ill, dd, J 
0.4, 10.4, CH2CH=CH.Hb), 5.46 (1H, dd, J 0.8, 17.2, 5' CH2CB=CHaHb), 5.96 (IH, m, 
CH2CH=CB2), 7.34 (2B, d, J 8, Ar-H), 7.93 (2H, dd, J 1.6, 6.8, Ar-H); Dc (100 MHz, CDCh) 
21.7 (PhCH3), 51.1 (CH2CH=CH2), 92.0 (ChCCO), 119.5 (CH2CH=CH2), 129.4 (2 x ArCH), 
129.5 (2 x ArCH), 132.3 (CH2CH=CH2), 134.7 (ArC), 145.6 (ArC), 158.9 (C=O); HRMS 
(FAB+) Found: [M+Ir] 355.9685. Cl2Hll5ChN03S requires 355.9681; m/z (FAB+) 356 
([M+Ir] 25%), 212 (25), 155 (100), 154 (34), 139 (30),137 (49), 136 (61), 91 (57),74 (74). 
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Preparation of 3,3-dichloro-4-( chloromethyl)-I-tosylpyrrolidine 3.4 
-5 C> CIO 
N 
I 
Ts 
Copper(I) chloride (13 mg, 0.13 mmol) and the N-(pyridine-2-ylmethylene)pentan-l-amine 
3.1 (22 mg, 0.13 mmol) were added to a solution of N-allyl-2,2,2-trichloro-N-tosylacetamide 
3.2 (150 mg, 0.42 mmol) in DCM (3.5 ml) under an atmosphere ofN2 (g). The reaction was 
stirred at rt for 2 h. The reaction was washed through a plug of silica washed through with 
DCM followed by EtOAc. The solvent was removed under reduced pressure and the residue 
was redissolved in EtOAc (10 ml). The organics were washed with NaHC03 (5 ml), water (2 
x 5 ml) and brine (5 ml). The organics were dried (MgS04), filtered and the solvent removed 
under reduced pressure. The resulting residue was further purified by column chromatography 
(silica, 10% EtOAc in light petroleum) to yield the 3,3-dichloro-4-(chloromethyl)-I-
tosylpyrrolidine 3.4 (48g, 32%) as white crystals, mp 94-95 °C. V"",X (thin film)/cm- 1 2922 
(CH3/CH2), 1443 (CH3/CH2), 1370 (RSOr NR2), 1174 (RS02-NR2); OH (400 MHz, CDCh) 
2.47 (3H, s, CH3), 3.09 (lH, m, NCH2CH), 3.56 (lH, A part of an ABX signal, J 8.8, 10.4, 
NCH2), 3.67 (lH, A part of an ABX signal, J 10, 11.6, CH2CI), 3.94 (1H, B part of an ABX 
signal, J 4, 11.2, CH2CI), 4.25 (lH, B part of an ABX signal, J7.2, 10.4, NCH2), 7.38 (2H, d, 
J8.0, Ar-H), 7.93 (2H, d,J8.4, Ar-H); oc(100MHz, CDCh) 21.8 (Gh), 40.1 (CH2CI),47.4 
(NGh), 50.7 (NCH2GI), 82.6 (CCh), 128.3 (Ar-CH), 130.1 (Ar-CH), 133.3 (Ar-C-S03), 
146.4 (Ar-CCH3), 163.0 (C=O); HRMS (FAB+) Found: [M+W] 355.9685. CI2HI3NSOlsCh 
requires 355.9681); mlz (FAB+) 356 ([M+W] 20%), 242 (34), 240 (36), 155 (39), 154 (lOO), 
138 (32), 137 (67), 136 (87),91 (47),77 (20). 
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Preparation of N-allyl-2-chloro-N-tosylbenzamide 3.10 
1) 
CI'~X) 
o N 
I 
O=S=O 
Triethylamine (0.32 ml, 2.28 mmol) was added to a solution of the N-allyl-4-
methylbenzenesulfonamide 2.20 (251 mg, 1.19 mmol) in DCM (4 ml). The reaction was 
cooled to 0 °C and 2-chlorobenzoyl chloride (0.23 ml, 1.78 mmol) was added dropwise. The 
reaction was warmed to rt and the reaction was stirred for a further 6 h. The solvent was 
removed under reduced pressure and the residue was redissolved in EtOAc (10 ml). The 
organics were washed with NaHC03 (5 ml), water (2 x 5 ml) and brine (5 ml). The organics 
were dried (MgS04), filtered and the solvent removed under reduced pressure. The resulting 
oil was further purified by column chromatography (silica, 10% EtOAc in light petroleum) to 
give the N-allyl-2-chloro-N-tosylbenzamide 3.10 (313 mg, 68%) as a pale yellow oil. Vmax 
(thin film)/cm'l 1692 (C=O), 1087 (Ar-CCI); OH (400 MHz, CDCh) 2.44 (JR, s, PhCH3), 4.41 
(2H, s, CH2CH=CH2), 5.19 (2H, m, CH2CH=CH2), 5.84 (1H, m, CH2CH=CH2), 7.30 (6H, m, 
Ar-H) 7.78 (2H, dd, J 1.6, 6.8, Ar-H); Oe (100 MHz, CDCh) 14.2 (phGh), 49.5 
(CH2CH=CH2), 118.7 (CH2CH=CH2), 126.6 (ArCH), 128.3 (ArCH), 128.8 (2 x ArCH), 129.4 
(2 x Ar-CH), 129.5 (ArCH), 130.5 (ArCCI), 131.1 (ArCH), 132.5 (CH2CH=CH2), 134.6 
(ArC), 135.6 (ArC), 145.1 (ArC), 167.5 (C=O); HRMS (FAB+) Found: [M+WJ 350.0618. 
C17HI7NS03CI requires 350.0618; mlz (FAB+) 350 ([M+WJ 90%), 178 (44), 139 (lOO). 
Preparation of N-allyl-2-chloroacrylamide 3.14 
EDCI (736 mg, 3.84 mmol) was added to a solution of 2-chloroacryllic acid (300 mg, 2.82 
mmol). The reaction was stirred for 2 h. The reaction was cooled to 0 °C and allylamine (0.19 
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ml, 2.56 mmol) was added. The reaction was allowed to warm to rt and the reaction stirred for 
a further 6 h. The solvent was removed under reduced pressure and the residue was dissolved 
in EtOAc (10 ml). The organics were washed with 2 M RCl(aq) (10 ml), NaHC03 (10 ml), 
water (10 ml) and brine (10 ml). The organics were dried (MgS04), filtered and the solvent 
removed under reduced pressure to yield the N-allyl-2-chloroacrylamide 3.14 (193 mg, 52%) 
as a yellow oil. Vmax (thin film)/cm-1 3336 (amide: NH stretch), 1522 (amide: C=O stretch); OH 
(400 MHz, CDCh) 3.98 (2H, tt, J 1.6, 6, 11.6, NHCH2), 5.22 (2H, m, CH=CH2), 5.82 (lH, J 
1.2, A part of AB signal, C=CH2), 5.87 (1H, ID, CH=CH2), 6.62 (1H, J 1.2, B part of AB 
signal, C=CH2), 6.75 (1H, s, NH); 0c(100 MHz, CDCh) 46.2 (NHCH2), 117.0 (CH=CH2), 
122.9 (C=CH2), 133.2 (CH=CH2), 160.7 (C=O) HRMS (FAB+) Found: [M+H'] 147.0268. 
C6HgNOCl requires 147.0265; mlz (FAB+) 147 ([M+H+], 67%), 145 (100), 89 (33) 41 (68). 
Preparation of N-(2-iodopheny1)-4-methylbenzenesulfonamide 3.83.3 
p-Toluenesulfonyl chloride (435 mg, 2.28 mmol) was added to a solution of 2-iodoaniline 
(500 mg, 2.28 mmol) in pyridine (5 ml). The reaction was stirred at rt for 6 h. Water (10 ml) 
was added to quench the reaction. The reaction was extracted with DCM (3 x 10 ml). The 
organics were washed with an aqueous 5% CUS04 solution (3 x 10 ml), water (2 x 10 ml) and 
brine (10 m1). The organics were dried (MgS04), filtered and the solvent was removed under 
reduced pressure. The resulting residue was further purified by column chromatography 
(silica, 10% EtOAc In light petroleum) to yield the N-(2-iodophenyl)-4-
methylbenzenesulfonamide 3.8 (304 mg, 36%) as a white waxy solid. Vrnax (thin film)/cm-
I 3301 (sulfonamide: NH stretch), 1336 (RS02N); OH (400 MHz, CDCh) 2.34 (3R, s, CH3), 
6.80 (1H, dt, J 1.6, 8, Ar-H), 6.89 (lH, s, NH), 7.18 (2H, d, J 8.0, Ar-H), 7.27 (lH, dt, J 1.2, 
7.2, Ar-H), (4H, m, Ar-H); Oc (100 MHz, CDCh) 21.6 (CH3), 92.6 (Ar-Cl), 122.6 (Ar-CH), 
127.0 (Ar-CH), 127.4 (2 x Ar-CH), 129.5 (Ar-CH), 129.7 (2 x Ar-CH), 135.9 (Ar-CH), 137.5 
(Ar-CS03), l3n (Ar-CH), 144.3 (Ar-CNH). 
The spectroscopic data were in agreement with those in the literature.3.3 
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Preparation of N-but-2-enyl-N-(iodophenyl)-4-methylbenzenesulfonamide 3.73•3 
('VI 
~N~ 
I 
O=S=O 
Crotyl bromide (0.05 ml, 0.54 mmol) was added to a solution of N-(2-iodophenyl)-4-
methylbenzenesulfonamide 3.8 (100 mg, 0.27 mmol) and K2C03 (75 mg, 0.29 mmol) in DMF 
(2 ml). The reaction was heated at 80°C for 16 h. The reaction was allowed to cool and EhO 
(10 ml) was added. The organics were washed with water (5 x 10 ml) and brine (2 x 10 ml). 
The organics were dried (MgS04), filtered and the solvent removed under reduced pressure to 
give the N-but-2-enyl-N-(iodophenyl)-4-methylbenzenesulfonamide 3.7 (115 mg, 70%) as a 
yellow oil. Vrnax (KBr)/cm-1 1550 (C=C), 1050 (Ar-I), 1340 (N-S02); OH (400 MHz, CDCh) 
1.54 (3H, dd, J 1.2, 6.4, CHCH3), 2.44 (3H, s, Ar-CH3), 4.12 (2H, m, NCH2), 5.42 (2H, m, 
CH=CHCH3), 6.96 (2H, m, Ar-H), 7.27 (3H, m, Ar-H), 7.67 (2H, m, Ar-H), 7.89 (IH, m, Ar-
H); odl00 MHz, CDCh) 17.4 (CHCH3), 22.1 (Ar-CH3), 51.8 (NCH2), 92.1 (Ar-G), 116.5 
(Ar-CH), 119.2 (Ar-CH), 126.7 (CH=CHCH3), 128.4 (3 x Ar-CH), 130.1 (2 x Ar-CH), 132.1 
(CH=CHCH3), 135.9 (Ar-C), 138.2 (Ar-C), 138.4 (Ar-CH), 152.4 (Ar-eN); HRMS (FAB+) 
Found: [M+] 427.0102. C17H1SIN02S requires 427.0103; mlz (FAB+) 427 ([M+H+] 100%), 
272 (89), 155 (44). 
Preparation of biphenyl-2-yl-(4-chlorobenzyIidene)-amine 4.14•1 
2-Aminobiphenyl (500 mg, 2.95 mmol) was added to a solution of 4-chlorobenzaldehdye 
(378 mg, 2.69 mmol) in Et20 (5 ml) in the presence of 4 A molecular sieves. The reaction was 
refluxed for 6 h. The reaction was allowed to cool and filtered through a pad of celite. The 
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solvent was removed under reduced pressure. The oil was further purified by dissolving in 
DCM and layering with hexanes and leaving in the freezer overnight. The crystals were 
collected by vacuum filtration, washed with hexanes and dried under vacuum. The biphenyl-
2-yl-(4-chlorobenzylidene)-amine 4.1 (619 mg, 79%) was obtained as yellow crystals mp 83-
84°C (Iit.4.189-90 QC); Vrnax (thin film)/cm'\ 1627 (N=C stretch), 1087 (Ar-CI); oJl(400 MHz, 
CDCb) 7.06 (\H, dd, J 1.2, 7.6, Ar-H), 7.38 (IOH, m, Ar-H), 7.70 (2H, dt, J 2, 8.8, Ar-H), 
8.40 (1H, s, imine-H); oc(100 MHz, CDCh) 118.7 (Ar-C), 126.2 (Ar-CH), 126.8 (Ar-CH), 
127.7 (2 Ar-CH), 128.4 (Ar-CH), 129.0 (2 Ar-CH), 129.9 (2 Ar-CH), 130.2 (2 Ar-CH), 130.4 
(Ar-CH), 134.8 (Ar-C), 135.4 (Ar-C), 137.2 (Ar-C), 139.4 (Ar-C), 149.2 (2'-C), 158.8 (7-C); 
HRMS (FAB+) Found: [M+W] 292.0897. Cl9HISNCes requires 292.0893; mlz (FAB+) 292 
([M+W]70%), 291 (32), 290 (31), 180 (lOO), 152 (26). 
The spectroscopic data were in agreement with those in the Iiterature.4.1 
Preparation of N-biphenyl-2-yl-4-chlorobenzamide 4.17 
4-Chlorobenzoyl chloride (2.29 ml, 18.02 mmol) was added to a solution of2-aminobiphenyl 
(3.05 g, 18.02 mmol) and ElJN (5.02 ml, 36.04 mmol) in DCM (50 ml) at 0 QC. The reaction 
was allowed to warm to rt and stirred for 6 h. The organics were washed with water (25 ml), a 
saturated solution ofNaHC03 (25 ml) and brine (25 ml). The organics were dried (MgS04), 
filtered and the solvent removed under reduced pressure. The crude product was further 
purified by column chromatography (silica, 10% EtOAc in light petroleum) to yield the N-
biphenyl-2-yl-4-chlorobenzamide 4.17 (3.57g, 64%) as white crystals mp 104-105 QC. Vmax 
(KBr)/cm·1 3253 (NB stretch), 1650 (C=O), 1050 (Ar-CI); On (400 MHz, CDCb) 7.23 (!H, dt, 
J 1.2,7.6, Ar-H), 7.31 (IH, dd, J 1.6,7.6, Ar-H), 7.36 (2H, m, Ar-H), 7.44 (4H, m, Ar-H), 
7.52 (4H, m, Ar-H), 7.93 (lH, s, NH), 8.49 (1H, d, J8.0, Ar-H); oc(100 MHz, CDCb) 12I.I 
(Ar-CH), 124.6 (Ar-CH), 128.2 (2 x Ar-CH), 128.3 (Ar-CH), 128.6 (Ar-CH), 129.0 (2 x Ar-
CH), 129.2 (2 x Ar-CH), 129.3 (2 x Ar-CH), 130.0 (Ar-CH), 132.3 (Ar-C), 133.I (Ar-C), 
134.6 (Ar-C), 137.9 (Ar-C), 138.0 (Ar-C), 163.9 (C=O); HRMS (FAB+) Found: [M+H+] 
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308.084l. C19HlSNOCI requires 308.0842; mlz (FAB+) 308 ([M+W] 100%), 307 (68), 154 
(22), 141 (32), 139 (96). 
Preparation of N-biphenyl-2-yl-4-chloroselenobenzimidicacid phenyl ester 4.18 
ccPh I ~ SePh hN~ ~CI 
N,N-Dimethylformamide (4 drops) was added to a solution of N-biphenyl-2-yl-4-
chlorobenzamide 4.17 (1.00 g, 3.25 mmol) in dry DCM (30 ml) under N2(g). Phosgene (5.16 
ml, 9.75 mmol, 20% solution in toluene) was added dropwise to the solution and the reaction 
stirred at rt for 4.5 h. The solvent was removed under reduced pressure and the imidoyl 
chloride was taken up in dry THF (20 ml) under N2 (g). In a separate flask K-selectride® 
(3.57 ml, 1 M solution in THF) was added to a solution of diphenyl diselenide (506 mg, 1.62 
mmol) in THF (30 m\). The solution of the imidoyl chloride was cannulated into the 
suspension of diphenyl diselenide and the reaction stirred at rt overnight. The solvent was 
removed under reduced pressure and the residue taken up in DCM (10 ml), the organics were 
washed with water (10 ml), dried (MgS04), filtered and the solvent removed under reduced 
pressure. The crude product was partially purified by recrystaIlisation from DCM layered with 
hexane and reduced temperature to yield N-biphenyl-2-yl-4-chloroselenobenzimidicacid 
phenyl ester 4.18 (659 mg, 60%) as yellow crystals mp 116-117 °C. The N-biphenyl-2-yl-4-
chloroselenobenzimidicacid phenyl ester 4.18 was carried on to the next stage without further 
purification. Decomposition occurred before spectra could be recorded. 
Preparation of 6-( 4-chlorophenyl) phenanthridine 4.26.4 
Radical Method: Di-tert-butylperoxide (0.42 ml, 2.26 mmol) was added to a solution of 
imine 4.1 (300mg, 1.03 mmol) in chlorobemene (5 ml) in a Young's tube. The reaction was 
heated in the sealed tube for 48 h at -130°C. The reaction was allowed to cool to rt before the 
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vessel was opened. A solution of sodium bisulfite was added to quench any unreacted 
peroxide. The reaction was extracted with DCM (2 x 20 ml), dried (MgS04), filtered and the 
organics removed under reduced pressure. The crude product was further purified by column 
chromatography (alumina, 20% DCM in hexanes) to yield the desired 6-(4-chlorophenyl) 
phenanthridine 4.2 (143 mg, 48%) as white crystals. 
Palladium Method: Triethylamine (0.13 ml, 0.9 mmol) and Pd(PPh3)4 (83 mg, 0.072 mmol) 
were added to a solution of the imidoyl selenide 4.18 (80 mg, 0.18 mmol) in toluene (2 ml). 
The reaction was refluxed for 48 h. The reaction was al10wed to cool to RT and water (10 ml) 
was added. The reaction was extracted with DCM (2 xlO ml). The organics were washed with 
a saturated solution ofNaHC03 (10 ml) and brine (10 ml). The organics were dried (MgS04), 
filtered and the solvent removed under reduced pressure. The crude product was further 
purified by column chromatography (alumina, 20% DCM in hexanes) to yield the desired 6-
(4-chlorophenyl)phenanthridine (23 mg, 46%) as white crystals. 
Mp 152-154 (lit.6.4 160-161 0C); Vmax (neat)/cm-1 2358 (C=N); OH (400 MHz, CDCb) 7.54 
(2H, m, Ar-H), 7.64 (1H, m, Ar-H), 7.70 (3H, m, Ar-H), 7.77 (1H, m, Ar-H), 7.88 (lH, m, 
Ar-H), 8.06 (1H, dd, J 0.8, 8.4, Ar-H), 8.23 (1H, dd, J 1.2, 8.4, Ar-H), 8.63 (1H, dd, J 1.6, 
8.4, Ar-H), 8.72 (1H, d, J 8.4, Ar-H); Oc (100 MHz, CDCb) 122.0 (Ar-CH), 122.4 (Ar-CH), 
123.8 (Ar-C), 125.0 (Ar-C), 127.2 (Ar-CH), 127.3 (Ar-CH), 128.5 (Ar-CH), 128.7 (2 x Ar-
CH), 129.0 (Ar-CH), 130.4 (Ar-CH), 130.7 (Ar-CH), 131.1 (2 x Ar-CH), 133.5 (2 x Ar-C), 
134.9 (Ar-C), 143.8 (Ar-C-CI), 160.0 (Ar-C=N); HRMS (FAB+) Found: [M+W] 290.0732. 
CI9H13NCI requires: 290.0736); m/z (FAB+) 290 ([M+W] 67%), 289 (38), 176 (22), 155 (24), 
154 (100), 138 (25), 137 (48),136 (61). 
The spectroscopic data were in agreement with those in the literature.6.4 
Preparation of benzylidene biphenyl-2-yl amine 4.34.1 
164 
ccPh I~N'~ 
V 
Benzaldehdye (0.30 ml, 2.95 mmol) was added to a solution of aminobiphenyl (500 mg, 2.95 
mmol) in DCM (6 ml) in the presence of 4 A molecular sieves. The reaction was stirred at RT 
for 5 h. The reaction was filtered through a pad of celite with DCM. The solvent was removed 
under reduced pressure to give the biphenyl-2-yl amine 4.3 (455 mg, 60%) as a yellow oil. 
The amine 4.3 was carried on to the next reaction crude. 
Preparation of N-biphenyl-2-yl benzamide 4.19 
CC:h~O '-':: 
H I 
~ 
Benzoyl chloride (0.34 ml, 2.95 mmol) was added to a solution of2-aminobiphenyl (500 mg, 
2.95 mmol) and EhN (0.82 ml, 5.90 mmol) in DCM (10 m!) at 0 °C. The reaction was 
allowed to warm to rt and the reaction stirred for 5 h. The reaction was washed with water (10 
ml), a sat. NaHC03 solution (10 ml) and brine (10 ml). The organics were dried (MgS04), 
filtered and the solvent removed under reduced pressure. The resulting solid was purified by 
DCM layered with hexanes at reduced temperature and the resulting solid filtered under 
vacuum. The N-biphenyl-2-yl benzamide 4.19 (419 mg, 52%) was obtained as off-white 
crystals. Mp 87-88 °C; OH (400 MHz, CDCb) 7.43 (I3H, m, Ar-H), 8.00 (lH, s, Nil), 8.54 
(lH, d, J 8.4, Ar-H); Oe (100 MHz, CDCh) 121.1 (Ar-CH), 124.4 (Ar-CH), 126.8 (2 x Ar-
m), 128.2 (Ar-CH), 128.6 (Ar-CH), 128.7 (2 x Ar-CH), 129.2 (2 x Ar-CH), 129.4 (2 x Ar-
CH), 130.0 (Ar-CH), 131.7 (Ar-CH), 132.3 (Ar-C), 134.8 (Ar-C), 134.9 (Ar-C), 138.0 (Ar-C), 
165.0 (C=O); HRMS (FAB+) Found: [M+W] 274.1234. C19H 16NO requires 274.1232; mlz 
(FAB1274 ([M+W] 73%), 273 (46), 105 (100), 77 (25). 
Preparation of phenyl-N-biphenyl-2-ylbenzimidoselenoate 4.26 
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ccPh I "':::: SePh ~N~ 
V 
The reaction was carried out using dry conditions. DMF (6 drops) was added to a solution of 
amide 4.19 (1.39g, 5.09 mmol) in dry DCM (40 ml) under N2(g). Phosgene (8.07 ml, 15.26 
mmol) was added to the solution and the reaction stirred at rt for 5 h. The solvent was 
removed under reduced pressure and the imidoyl chloride was dissolved in dry THF (40 ml). 
In a separate flask K-Selectride® was added to a solution of(phSe)2 in THF (50 ml) to form a 
white suspension. The imidoyl chloride solution was cannulated into the suspension and the 
reaction stirred at rt ovemight. The solvent was removed under reduced pressure. Water (40 
ml) and DCM (40 ml) were added to the residue. The organics were separated, dried (MgSO-
4), filtered and the solvent removed under reduced pressure. No further purification was 
carried out. The phenyl-N-biphenyl-2-ylbenzimidoselenoate 4.26 (1.74 g crude) was carried 
on to the next reaction crude. 
Preparation of 6-phenylphenanthridine 4.106•4 
Palladium Method: Triethylamine (0.68 ml, 4.85 mmol) and Pd(PPh3)4 (554 mg, 0.48 mmol) 
were added to a solution of imidoyl selenide 4.26 (400 mg, 0.97 mmol) in toluene (5 ml) 
under N2(g). The reaction was refluxed for 48 h. The solvent was removed under reduced 
pressure. The residue was dissolved in DCM (10 ml). The organics were washed with water 
(5 ml), saturated NaHC03 solution (5 ml) and brine (5 ml). The organics were dried (MgS04), 
filtered and the solvent removed under reduced pressure. The resulting residue was further 
purified by column chromatography (Alumina, 25% DCM in hexanes). The 6-phenyl 
phenanthridine 4.10 (59 mg, 24%) was obtained as white crystals. 
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Radical Method: (,BUO)2 (0.55 ml, 2.99 mmol) was added to a solution of the imine 4.3 (350 
mg, 1.36 mmol) in PhCl (6 ml). The reaction vessel was flushed with N2(g) for 15 min. The 
vessel was sealed and the reaction heated at 140°C for 48 h. The reaction was allowed to cool 
to rt before the vessel was opened. NaHS03 was added to the reaction to quench the peroxide. 
The reaction was extracted with DCM (3 x 15 ml). The organics were washed water (15 ml) 
and brine (15 ml). The organics were dried (MgS04), filtered and the solvent removed under 
reduced pressure. The resulting residue was further purified by column chromatography 
(Alumina, 25% OCM in hexanes). The 6-phenyl phenanthridine 4.10 (138 mg, 40%) was 
obtained as white crystals. 
Mp 101-102 °C (lit.6.4 103-105 0C); Vrnax (KBr)/cm-J 2400 (C=N); OH (400 MBz, COCh) 7.66 
(8B, m, Ar-H), 7.88 (lB, dt J 1.2, 7.2, Ar-H), 8.12 (lB, dd, JO.4, 8.4, Ar-H), 8.25 (lB, dd, J 
1.6, 8.4, Ar-H), 8.64 (lH, dd, J 1.2, 8.0, Ar-H), 8.72 (lB, d, J 8.4, Ar-H); Oe (100 MHz, 
COCb) 122.0 (2 x Ar-CH), 122.2 (2 x Ar-CH), 123.8 (Ar-C), 125.2 (Ar-C), 127.0 (Ar-CH), 
127.2 (Ar-CH), 128.5 (2 x Ar-CH), 128.8 (Ar-CH), 128.9 (Ar-CH), 129.0 (Ar-CH), 129.8 (2 
x Ar-CH), 130.7 (Ar-CH), 133.5 (Ar-C), 137.0 (Ar-C), 161.3 (Ar-C=N); HRMS (FAB+) 
Found: [M+] 255.1049. CJ9H13N requires 255.1048; m/z (FAB+) 255 ([M+] 87%),77 (100). 
The spectroscopic data were in agreement with those in the literature.6.4 
Preparation of biphenyl-2-yl-(4-methylbenzylidene) amine 4.44.1 
ccPh IhN~ 
~ 
p-Tolualdehdye (0.35 ml, 2.95 mmol) was added to a solution of aminobiphenyl (500 mg, 
2.95 mmol) in OCM (8 ml) in the presence of 4 A molecular sieves. The reaction was stirred 
at rt for 5 h. The reaction was filtered through a pad of celite with OCM. The solvent was 
removed under reduced pressure to give the biphenyl-2-yl-(4-methylbenzylidene) amine 4.4 
(592 mg, 66%) as yellow crystals mp 79-80 °C. Vrnax (KBr)/cm-1 2260 (C=N), ; 011 (400 MHz, 
COCb) 2.37 (3H, s, CH3), 7.06 (lH, dd, J 0_12, 7.6, Ar-H), 7.21 (2H, d, J 7.6, Ar-H), 7.47 
(m, m, Ar-H), 7.68 (2H, d, J 8.4, Ar-H), 8.41 (lH, s, imine-H); Oe (100 MHz, COCb) 21.6 
(CH3), 119.0 (Ar-CH), 125.8 (Ar-CH), 126.7 (Ar-CH), 127.6 (2 x Ar-CH), 128.3 (Ar-CH), 
128.8 (2 x Ar-CH), 129.4 (2 x Ar-CH), 130.2 (2 x Ar-CH), 130.3 (Ar-CH), 133.9 (Ar-C), 
167 
135.2 (Ar-C), 139.5 (Ar-C), 14l.7 (Ar-C), 149.9 (Ar-C), 160.2 (imine-C); HRMS (FAB+) 
Found: [M+WJ272.1439. C20HISN requires 272.l439; mlz (FAB+) 272 ([M+W] 100%),271 
(55),270 (31),180 (56). 
Preparation of N-biphenyl-2-yl-4-methyl benzamide 4.20 
Toluoyl chloride (0.39 ml, 2.95 mmol) was added to a solution of2-aminobiphenyl (500 mg, 
2.95 mmol) and Et3N (0.82 ml, 5.90 mmol) in DCM (10 ml) at 0 qc. The reaction was 
allowed to warm to RT and the reaction stirred for 5 h. The reaction was washed with water 
(10 ml), NaHC03 (10 ml) and brine (10 m!). The organics were dried (MgS04), filtered and 
the solvent removed under reduced pressure. The resulting solid was purified by trituration 
with DCM and hexanes at reduced temperature and the resulting solid filtered under vacuum. 
The N-biphenyl-2-yl benzamide 4.20 (540 mg, 64%) was obtained as off-white crystals. Mp 
108-109 QC; Vmax (KBr)/cm-1 3190 (amide NH stretch), 1620 (amide), 1590 (amide c=o 
stretch); 1511 (400 MHz, CDCh) 2.37 (JR, s, CH3), 7.23 (4H, m, Ar-H), 7.47 (8H, m, Ar-H), 
7.98 (1H, s, NH), 8.54 (1H, dd, J 0.8,8, Ar-H); 15c (100 MHz, CDCh) 2l.4 (CH3), 12l.0 (Ar-
aI), 124.2 (Ar-CH), 126.8 (2 x Ar-CH), 128.1 (Ar-CH), 128.6 (Ar-CH), 129.2 (2 x Ar-CH), 
129.4 (4 x Ar-CH), 130.0 (Ar-CH), 13l.9 (Ar-C), 132.2 (Ar-C), 135.0(Ar-C), 138.1 (Ar-C), 
142.3 (Ar-C), 164.9 (C=O); HRMS (FAB+) Found: [M+WJ 288.1388. C2oH 1SNO requires 
288.1388; mlz (FAB1288 ([M+WJ75%), 119 (100),102 (44). 
Preparation of N-biphenyl-2-yl-4-methylselenobenzimidic acid phenyl ester 4.27 
I "'" SePh ccPh ~~ N~ 
Reaction carried out using dry conditions. DMF (4 drops) was added to a solution of amide 
4.20 (l.OOg, 3.48 mmol) in dry DCM (15 ml) under N2(g). Phosgene (5.52 ml, 10.44 mmol) 
was added to the solution and the reaction stirred at rt for 5 h. The solvent was removed under 
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reduced pressure and the imidoyl chloride was dissolved in dry THF (20 ml). In a separate 
flask K-Selectride® was added to a solution of (PhSe)2 in THF (30 ml) to form a white 
suspension. The imidoyl chloride solution was cannulated into the suspension and the reaction 
stirred at rt overnight. The solvent was removed under reduced pressure. Water (20 ml) and 
DCM (20 rn!) were added to the residue. The organics were separated, dried (MgS04), filtered 
and the solvent removed under reduced pressure. The imidoyl selenide 4.27 (655 mg crude) 
was obtained as a pale yellow solid. Mp 104-105 cC; Vmax (KBr)lcm-1 1627 (C=N), 1535 
(C=C); OH (400 MHz, CDCh) 2.21 (3H, s, CH3), 7.22 (18H, m, Ar-H); Oc (100 MHz, CDCh) 
21.3 (CH3), 120.1 (Ar-CH), 125.1 (2 x Ar-CH), 126.9 (Ar-CH), 127.4 (2 x Ar-CH), 127.9 (2 x 
Ar-CH), 128.0 (2 x Ar-CH), 128.4 (2 x Ar-CH), 128.7 (2 x Ar-CH), 129.1 (Ar-CH), 129.7 
(Ar-C), 129.8 (2 x Ar-CH), 130.4 (Ar-CH), 131.8 (Ar-C), 134.9 (Ar-CH), 135.3 (Ar-C), 139.7 
(Ar-C), 140.0 (Ar-C), 149.1 (C=N); HRMS (FAB+) Found: [M+W] 428.0916. C26H22NSe 
requires 428.0917; mlz (FABj 428 ([M+W], 67%),427 (100), 91 (56). 
Preparation of 6-(4-toluyl)phenanthridine 4.116.4 
Palladium Method: Triethylamine (0.41 ml, 2.93 mmol) and Pd(PPh3)4 (341 mg, 0.30 mmol) 
were added to a solution of imidoyl selenide 4.27 (250 mg, 0.59 mmol) in toluene (5 ml) 
under N2(g). The reaction was refluxed for 48 h. The solvent was removed under reduced 
pressure. The residue was dissolved in DCM (10 ml). The organics were washed with water 
(5 ml), saturated NaHC03 solution (5 ml) and brine (5 ml). The organics were dried (MgS04), 
filtered and the solvent removed under reduced pressure. The resulting residue was further 
purified by column chromatography (alumina, 25% DCM in hexanes). The 6-(4-
toluy!)phenanthridine 4.11 (60 mg, 38%) was obtained as white crystals. 
Radical Method: (ISuOh (0.41 ml, 2.22 mmol) was added to a solution of the imine 4.4 (320 
mg, 1.11 mmol) in PhCI (6 ml). The reaction vessel was flushed with N2(g) for 15 min. The 
vessel was sealed and the reaction heated at 140°C for 48 h. The reaction was allowed to cool 
to rt before the vessel was opened. NaHS03 was added to the reaction to quench the peroxide. 
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The reaction was extracted with DCM (3 x 15 ml). The organics were washed with water (15 
ml) and brine (15 ml). The organics were dried (MgS04), filtered and the solvent removed 
under reduced pressure. The resulting residue was further purified by column chromatography 
(alumina, 25% DCM in hexanes). The 6-p-tolylphenanthridine 4.11 (132 mg, 44%) was 
obtained as white crystals. 
Mp 107-109 °C; Vrnax (KBr)/cm·1 2925 (CH3), 1610 (Ar-C=N); OH (400 MHz, CDCh) 2.48 
(3H, s, CH3), 7.37 (2H, m, Ar-H), 7.69 (5H, m, Ar-H), 7.86 (!H, dt, J 1.2,7.2, Ar-H), 8.14 
(!H, m, Ar-H), 8.24 (1H, dd, J 1.2, 7.6, Ar-H), 8.62 (!H, dd, J 1.6, 8.4, Ar-H), 8.71 (!H, d, J 
8.0, Ar-H); oe (100 MHz, CDCh) 21.4 (CHJ), 121.9 (Ar-CH), 122.2 (Ar-CH), 123.7 (Ar-C), 
125.3 (Ar-C), 126.8 (Ar-CH), 127.1 (Ar-m), 128.8 (Ar-m), 129.0 (Ar-m), 129.1 (2 x Ar-
m), 129.7 (2 x Ar-m), 130.3 (Ar-m), 130.5 (Ar-m), 133.5 (Ar-C), 136.9 (Ar-C), 138.6 
(Ar-C), 143.9 (Ar-C), 161.3 (Ar-C=N); Found: [M+W] 270.1280. C2oHl6N requires 
270.1283; mlz (FABj 270 ([M+H+], 88%), 180 (lOO). 
The spectroscopic data was in agreement with that in the literature.6.4 
Preparation ofbiphenyl-2-yl-(4-tert-butylbenzylidene) amine 4.5 
ccPh I~ h N 
4-'Butylbenzaldehdye (0.49 ml, 2.95 mmol) was added to a solution of aminobiphenyl (500 
mg, 2.95 mmol) in DCM (8 ml) in the presence of 4 A molecular sieves. The reaction was 
stirred at rt for 5 h. The reaction was filtered through a pad of celite with DCM. The solvent 
was removed under reduced pressure to give the biphenyl-2-yl-(4-nitrobenzylidene) amine 4.5 
(770 mg, 86%) as a yellow oil. vm .. (neat)!cm-1 1630 (C=N), 1540 (C=C); OH (400 MHz, 
CDCh) 1.34 (9H, s, 'Bu-H), 7.06 (IH, dd, J 1.2, 8, Ar-H), 7.29 (2H, In, Ar-H), 7.36 (3H, m, 
Ar-H), 7.47 (5H, In, Ar-H), 7.73 (2H, d, J 8.4, Ar-H), 8.44 (imine-H); Oe (lOO MHz, CDCh) 
31.2 (C(m3H 35.0 (C(CH3)3), 119.0 (Ar-m), 125.7 (2 x Ar-CH), 125.8 (Ar-m), 126.0 
(Ar-m), 127.7 (2 x Ar-m), 128.3 (Ar-CH), 128.7 (2 x Ar-m), 130.2 (2 x Ar-m), 130.3 
(Ar-m), 133.9 (Ar-C), 135.3 (Ar-C), 139.5 (Ar-C), 149.9 (Ar-C), 154.7 (Ar-C), 160.1 
170 
(imine-C); Found: [M+W] 314.1911. C23H24N requires 314.1909; mlz (FAB+) 314 ([M+W], 
64%), 169 (44), 148 (lOO), 57 (20). 
Preparation of N-biphenyl-2-yl-4-tert-bntylbenzamide 4.21 
tert-Butylbenzoyl chloride (2.16 ml, 11.82 mmol) was added to a solution of2-aminobiphenyl 
(2.00 g, 11.82 mmol) and EhN (3.28 ml, 23.64 mmol) in DCM (40 ml) at 0 cC. The reaction 
was allowed to warm to rt and the reaction stirred for 5 h. The reaction was washed with 
water (20 ml), NaHC03 (20 ml) and brine (20 ml). The organics were dried (MgS04), filtered 
and the solvent removed under reduced pressure. The resulting solid was purified by 
trituration with DCM and hexanes at reduced temperature and the resulting solid filtered 
under vacuum. The N-biphenyl-2-yl-4-tert-butylbenzamide 4.21 (2.29 g, 59%) was obtained 
as off white crystals mp 160-161 cC. Vrnax (KBr)/cm-1 3370 (amide NH stretch), 1620 (C=O); 
OH (400 MHz, CDCb) 1.31 (9H, s, C(CH3)3-H), 7.21 (lH, dt, J 1.2,7.2, Ar-H), 7.29 (lH, dd, J 
1.6 7.2, Ar-H), 7.24 (6H, m, Ar-H), 7.53 (4H, In, Ar-H), 8.02 (IH, s, NH), 8.57 (IH, d, J 8, 
Ar-H); oc(IOO MHz, CDCh) 31.1 (C(CH3)3), 34.9 (C(CH3)3), 121.0 (Ar-CH), 124.2 (Ar-CH), 
125.7 (2 x Ar-CH), 126.7 (2 x Ar-CH), 128.2 (Ar-CH), 128.6 (Ar-CH), 129.2 (2 x Ar-CH), 
129.4 (2 x Ar-CH), 130.0 (Ar-CH), 131.8 (Ar-C), 132.2 (Ar-C), 135.1 (Ar-C), 138.1 (Ar-C), 
155.3 (Ar-C), 164.8 (C=O); HRMS (FAB+) Found: [M+W] 330.1858. C23H23NO requires 
330.1858; mlz (FAB+) 330 ([M+W], 100%),329 (47),161 (91). 
Preparation of N-biphenyl-2-yl-4-tert-butyl selenobenzimidic acid phenyl ester 4.28 
ccPh I '-'::: SePh /:/ .,.., 
N I 
Reaction was carried out using dry conditions. DMF (6 drops) was added to a solution of the 
amide 4.21 (1.00 g, 3.04 mmol) in DCM (20 ml). Phosgene (4.82 ml, 9.12 mmol) was added 
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dropwise to the solution and the reaction stirred at RT for 6 h. The solvent was removed under 
reduced pressure. The residue was dissolved in THF (20 ml). In a separate flask a IM solution 
of K-selectride® in THF (6.08 ml) was added to a solution of diphenyl diselenide (474 mg, 
1.52 mmol) in THF (30 ml) forming a white suspension. The contents of the first flask were 
cannulated into the suspension of the second flask and the reaction allowed to stir at It 
overnight. The solvent was removed under reduced pressure. The residue was dissolved in 
DCM (20 ml) and washed with water (20 ml). The organics were separated, dried (MgS04), 
filtered and the solvent removed under reduced pressure. No further purification was carried 
out. The crude N-biphenyl-2-yl-4-tert-butyl selenobenzimidic acid phenyl ester 4.28 (1.53g, 
crude) was carried on to the next reaction crude. 
Preparation of 6-(4-tert-butylphenyl) phenanthridine 4.12 
Palladium Method: Triethylamine (0.89 ml, 6.40 mmol) and Pd(PPh3)4 (592 mg, 0.51 mmol) 
were added to a solution of imidoyl selenide 4.28 (600 mg, 1.28 mmol) in toluene (8 ml) 
under N2 (g). The reaction was refluxed for 48 h. The solvent was removed under reduced 
pressure. The residue was dissolved in DCM (10 ml). The organics were washed with water 
(5 m!), saturated NaHC03 solution (5 ml) and brine (5 ml). The organics were dried (MgS04), 
filtered and the solvent removed under reduced pressure. The resulting residue was further 
purified by column chromatography (alumina, 25% DCM in hexanes). The 6-(4-tert-
butylphenyl)phenanthridine 4.12 (187 mg, 47%) was obtained as a clear oil. 
Radical Method: ('BuOh (0.41 ml, 2.24 mmol) was added to a solution of the imine 4.5 (350 
mg, 1.12 mmol) in PhCI (6 ml). The reaction vessel was flushed with N2(g) for 15 min. The 
vessel was sealed and the reaction heated at 140°C for 48 h. The reaction was allowed to cool 
to rt before the vessel was opened. NaHS03 was added to the reaction to quench the peroxide. 
The reaction was extracted with DCM (3 x 15 ml). The organics were washed with water (15 
ml) and brine (15 ml). The organics were dried (MgS04), filtered and the solvent removed 
under reduced pressure. The resulting residue was purified by column chromatography 
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(alumina, 25% DCM in hexane). The 6-(4-tert-butylphenyl)phenanthridine 4.12 (136 mg, 
39%) was isolated as a clear oil. 
Vrnax (KBr)/cm-1 1560 (C=N); OH (400 MHz, CDCh) 1.41 (9H, s, C(CH3)J), 7.63 (6H, m, Ar-
H), 7.75 (lH, m, Ar-H), 7.85 (lH, m, Ar-H), 8.19 (lH, dd, J 0.8, 8.0, Ar-H), 8.27 (lH, d, J 
8.0, Ar-H), 8.61 (lH, dd, J 1.2, 8.0, Ar-H), 8.70 (lH, d, J 8.0, Ar-H); oc (100 MHz, CDCh) 
31.5 (C(CH3)3), 34.8 (C(CH3», 121.9 (Ar-CH), 122.2 (Ar-CH), 123.7 (Ar-C), 125.2 (Ar-C), 
125.4 (2 x Ar-CH), 126.7 (Ar-CH), 126.8 (Ar-CH), 128.8 (Ar-CH), 129.1 (Ar-CH), 129.5 (2 
x Ar-CH), 130.2 (Ar-CH), 130.6 (Ar-CH), 133.5 (Ar-C), 136.7 (Ar-C), 143.7 (Ar-C), 151.8 
(Ar-C), 161.3 (C=N); Found: [M+W] 312.1753. C23H22N requires 312.1752; mlz (FAB+)312 
([M+H+], 100%), 180 (35) 134 (50). 
Preparation ofbiphenyl-2-yl-(4-methoxybenzylidene) amine 4.64.1 
r(YPh 
lAN'~ lA OMe 
4-Methoxybenzaldehdye (0.36 ml, 2.95 mmol) was added to a solution of aminobiphenyl 
(500 mg, 2.95 mmol) in DCM (6 ml) in the presence of 4 A molecular sieves. The reaction 
was stirred at rt for 5 h. The reaction was filtered through a pad of celite with DCM. The 
solvent was removed under reduced pressure to give the biphenyl-2-yl-( 4-
methoxybenzylidene )amine 4.6 (661 mg, 78%) as a yellow oil. 
Preparation of N-biphenyl-2-yl-4-methoxybenzamide 4.22 
4-Methoxybenzoyl chloride (0.40 ml, 2.95 mmol) was added to a solution of2-aminobiphenyl 
(500 mg, 2.95 mmol) and Et3N (0.82 ml, 5.90 mmol) in DCM (10 ml) at 0 °C. The reaction 
was allowed to warm to RT and stirred for 5 h. The reaction was washed with water (10 ml), 
NaHC03 (10 ml) and brine (10 ml). The organics were dried (MgS04), filtered and the 
173 
solvent removed under reduced pressure. The resulting solid was purified by trituration with 
DCM and hexanes at reduced temperature and the resulting solid filtered under vacuum. The 
N-biphenyl-2-yl-4-methoxybenzamide 4.22 (630 mg, 70"10) was obtained as an off white solid 
mp 131-132 °C. OH (400 MHz, CDCb) 3.82 (3H, s, CH3) 6.87 (2H, m, Ar-H), 7.20 (IR, dt, J 
1.2, 7.2, Ar-H), 7.28 (lH, m, Ar-H), 7.49 (8R, m, Ar-H), 7.93 (lH, s, NH), 8.52 (lH, m, Ar-
H); oc (lOO MHz, CDCb) 55.4 (OCH3), 113.9 (2 x Ar-CH), 121.0 (Ar-CH), 124.1 (Ar-CH), 
127.0 (Ar-C), 128.1 (Ar-CH), 128.6 (2 x Ar-CH), 128.7 (2 x Ar-CH), 129.2 (2 x Ar-CH), 
129.4 (Ar-CH), 129.9 (Ar-CH), 132.1 (Ar-C), 135.1 (Ar-C), 138.1 (Ar-C), 162.4 (Ar-COMe), 
164.5 (C=O); HRMS (FAB+) Found: [M+W] 303.1260. C2oH17N02 requires 303.1259); mlz 
(FAB+) 304 ([M+W], 100%) 303 (39), 135 (9). 
Preparation of N-biphenyl-2-yl-4-methoxyselenobenzimidic acid phenyl ester 4.29 
CCP:~sePh 
NI"" 
.,..;::. OMe 
Reaction was carried out using dry conditions. DMF (6 drops) was added to a solution of 
amide 4.22 (2.10 g, 6.63 mmol) in DCM (40 ml). Phosgene (10.52 ml, 19.88 mmol) was 
added dropwise to the solution and the reaction stirred at rt for 6 h. The solvent was removed 
under reduced pressure. The residue was dissolved in THF (30 ml). In a separate flask a IM 
solution of K-selectride® in THF (7.29 ml) was added to a solution of diphenyl diselenide 
(1.03 mg, 3.31 mmol) in THF (50 ml) fonning a white suspension. The contents of the first 
flask were cannulated into the suspension of the second flask and the reaction allowed to stir 
at rt overnight. The solvent was removed under reduced pressure. The residue was dissolved 
in DCM (20 ml) and washed with water (20 ml). The organics were separated, dried 
(MgS04), filtered and the solvent removed under reduced pressure. The N-biphenyl-2-yl-4-
methoxyselenobenzimidic acid phenyl ester 4.29 (51% crude) was carried on to the next 
reaction crude. 
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Preparation of 6-(4-methoxyphenyl) phenanthridine 4.134.1 
OMe 
Palladium Method: Triethylamine (0.79 ml, 5.65 mmol) and Pd(PPh3)4 (653 mg, 0.57 mmol) 
were added to a solution of imidoyl selenide 4.29 (500 mg, 1.13 mmol) in toluene (8 ml) 
under N2(g). The reaction was refluxed for 48 h. The solvent was removed under reduced 
pressure. The residue was dissolved in DCM (10 ml). The organics were washed with water 
(5 ml), saturated NaHC03 solution (5 ml) and brine (5 ml). The organics were dried (MgS04), 
filtered and the solvent removed under reduced pressure. The resulting residue was further 
purified by column chromatography (alumina, 50% DCM in hexanes). The 6-(4-
methoxyphenyl)phenanthridine 4.13 (128 mg, 39%) was obtained as white crystals. 
Radical Method: ('8UO)2 (0.42 ml, 2.30 mmol) was added to a solution of the imine 4.6 (300 
mg, 1.04 mmol) in PhCl (6 ml). The reaction vessel was flushed with N2(g) for 15 min. The 
vessel was sealed and the reaction heated at 140 QC for 48 h. The reaction was allowed to cool 
to rt before the vessel was opened. NaHS03 was added to the reaction to quench the peroxide. 
The reaction was extracted with DCM (3 x 15 ml). The organics were washed water (15 ml) 
and brine (15 ml). The organics were dried (MgS04), filtered and the solvent removed under 
reduced pressure. The resulting residue was purified by column chromatography (silica, 1:1 
DCM:hexane). The 6-(4-methoxyphenyl)phenanthridine 4.13 (148 mg, 50%) was isolated as 
white crystals. 
Mp 144-145 °C (lit.4.1 149-150 0C); Vrnax (KBr)/cm-1 1650 (C=N), 1575 (C=C); OH (400 MHz, 
CDCh) 3.80 (3H, s, CH3), 6.63 (2H, In, AT-H), 6.81 (lH, dd, J 1.2, 8.0, AT-H), 6.88 (lH, m, 
AT-H), 7.01 (lH, m, AT-H), 7.11 (1H, m, AT-H), 7.18 (lH, dd, J 1.2,8.0, AT-H), 7.38 (2H, m, 
AT-H), 7.55 (2H, m, AT-H), 7.71 (1H, m, AT-H); Oc(100 MHz, CDCh) 56.7 (Oah), 114.5 (2 
x AT-m), 121.9 (AT-C), 124.2 (AT-m), 126.9 (AT-C), 128.4 (AT-m), 128.6 (2 x AT-m), 
128.9 (2 x AT-m), 129.1 (2 x AT-m), 129.3 (AT-m), 130.2 (AT-m), 132.3 (AT-C), 135.6 
(AT-C), 137.4 (AT-C), 138.5 (AT-C), 161.7 (AT-COMe),; HRMS (FAB+) Found: [M+Ir] 
175 
286.1233. C2oHI6NO requires 286.1232; mlz (FAR) 286 ([M+W], 80), 285 (100), 254 (55), 
241 (30). 
The spectroscopic data were in agreement with those in the literature.4.\ 
Preparation of biphenyl-2-yl-(4-trifluoromethylbenzylidene)amine 4.7 
4-Trifluoromethylbenzaldehyde (0.40 ml, 2.95 mmol) was added to a solution of 2-
aminobiphenyl (500 mg, 2.95 mmol) in DCM (5 ml) in the presence of 4 A molecular sieves. 
The reaction was refluxed for 5 h. After cooling to RT the reaction was filtered through a pad 
of celite with DCM to remove the molecular sieves. The solvent was removed under reduced 
pressure. The resulting solid was recrystallised from DCM layered with hexane at reduced 
temperature. The biphenyl-2-yl-(4-trifluoromethylbenzylidene)amine 4.7 (561 mg, 58%) was 
isolated as yellow crystals mp 97-98 QC. Vrnax (KBr)/cm,I 1630 (C=N); OIl (400 MHz, CDCh) 
7.09 (1H, dd, J 1.6 8.0, Ar-H), 7.32 (5H, m, Ar-H), 7.47 (JR, m, Ar-H), 7.66 (2H, d, J 8.4, 
Ar-H), 7.88 (2H, d, J 8.0, Ar-H), 8.49 (1H, s, imine-H) ; oe (100 MHz, CDCh) 118.6 (Ar-
CH), 125.5 (CF3), 125.6 (Ar-CH), 125.7 (Ar-CH), 125.8 (Ar-C), 126.6 (Ar-CH), 126.9 (Ar-
CH), 127.8 (2 x Ar-CH), 128.4 (Ar-CH), 129.0 (2 x Ar-CH), 130.2 (2 x Ar-CH), 130.5 (Ar-
CH), 135.6 (Ar-C), 139.3 (Ar-C), 139.4 (Ar-C), 149.0 (Ar-C), 158.6 (imine-C); HRMS 
(FAB+) Found: [M+W] 326.1157. C2oHI4F3N requires 326.1157); mlz (FAB+) 326 ([M+W] 
100%),325 (67), 324 (39), 180 (92), 152 (26). 
Preparation of of N-(biphenyl-2-yl-4-trifluoromethyl)benzamide 4.23 
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4-Trifluoromethylbenzoyl chloride (1.32 ml, 8.86 mmol) was added to a solution of 2 
aminobiphenyl (1.50 g, 8.86 mmol) and EtJN (2.47 ml, 17.73 mmol) in DCM (50 ml) at 0 QC. 
The reaction was allowed to warm to rt whilst stirring for 5 h. The reaction was washed with 
water (20 ml), NaHC03 (20 ml) and brine (20 ml). The organics were dried (MgS04), filtered 
and the solvent removed under reduced pressure. The resulting solid was purified by DCM 
layered with hexanes at reduced temperature and the resulting solid filtered under vacuum. 
The N-(biphenyl-2-yl-4-trifluoromethyl)benzamide 4.23 (2.33 g, 77%) was obtained as off-
white crystals mp 127-128 QC. Vmax (KBr)/cm-1 3325 (amide NH stretch), 1650 (C=O); OH 
(400 MHz, CDCh) 7.25 (lH, m, AI-H), 7.33 (HI, dd, J 1.6,7.6, AI-H), 7.45 (4H, m, AI-H), 
7.53 (2H, m, AI-H), 7.68 (4H, dd, J8.4, 18.8 AI-H), 8.00 (1H, s, NIf), 8.51 (lH, d, J8.4, AI-
If); oc (lOO MHz, CDCh) 121.2 (AI-C), 124.8 (CF3), 125.8 (2 x AI-CH), 125.9 (2 x AI-CH), 
127.3 (2 x AI-CH), 128.4 (2 x Ar-CH), 128.7 (2 x Ar-CH), 129.3 (2 x AI-CH), 130.1 (AI-
CH), 132.5 (AI-C), 134.5 (AI-C), 137.9 (AI-C), 138.0 (Ar-C), 163.8 (C=O); HRMS (FAB+) 
Found: [M+W] 342.1103. C2oHl~3NO requires 342.1106); mlz (FAB) 342 ([M+W] 88%), 
341 (57), 173 (100),145 (44). 
Preparation of N-(biphenyl-2-yl-4-triOoromethyl)selenobenzimidic acid phenyl ester 
4.30 
Reaction carried out using dry conditions. DMF (6 drops) was added to a solution of amide 
4.23 (2.26 g, 6.63 mmol) in DCM (40 ml). Phosgene (10.52 ml, 19.88 mmol) was added 
dropwise to the solution and the reaction stirred at rt for 6 h. The solvent was removed under 
reduced pressure. The residue was dissolved in THF (30 ml). In a separate flask a IM solution 
ofK-selectride® in THF (7.29 ml) was added to a solution of diphenyl diselenide (1.03 g, 3.31 
mmol) in THF (50 ml) forming a white suspension. The contents of the first flask were 
cannulated into the suspension of the second flask and the reaction allowed to stir at RT 
overnight. The solvent was removed under reduced pressure. The residue was dissolved in 
DCM (20 ml) and washed with water (20 m!). The organics were separated, dried (MgS04), 
filtered and the solvent removed under reduced pressure. The resulting solid was purified by 
recrystallisation from DCM layered with hexane at reduced temperature. The N-(biphenyl-2-
yl-4-trifloromethyl)selenobenzimidic acid phenyl ester 4.30 (1.91 g, 60%) was isolated as 
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pale yellow crystals mp 100-101 °C. Vmax (KBr)!cm-1 1627 (C=N), 1573 (C=C); OH (400 MHz, 
CDCh) 7.01 (6H, m, Ar-H), 7.32 (10H, ID, Ar-H), 7.56 (2H, d, J 7.2, Ar-H); Oc (100 MHz, 
CDCb) 119.6 (Ar-CH), 124.5 (Ar-CH), 124.6 (Ar-CH), 125.1 (Ar-C), 125.5 (Ar-CH), 127.1 
(Ar-CH), 127.9 (2 x Ar-CH), 128.1 (Ar-CH), 128.2 (Ar-CH), 128.5 (Ar-C), 128.9 (2 x Ar-
CH), 129.1 (Ar-CH), 129.6 (Ar-CH), 129.8 (2 x Ar-CH), 130.6 (Ar-CH), 131.0 (Ar-CH), 
131.3 (Ar-C), 131.8 (Ar-C), 135.5 (Ar-CH), 139.5 (Ar-C), 141.3 (Ar-C), 148.7 (Ar-C), 163.5 
(C=N); HRMS (FAB+) Found: [M+W] 482.0638. C26HlSF3WoSe requires 482.0635); mlz 
(FAB+) 482 ([M+W]80Se, 13%),480 e8Se, 7),325 (70), 324 (100), 178 (24), 152 (52). 
Preparation of 6-(4-trifluoromethylphenyl)phenanthridine 4.14 
Palladium Method: Triethylamine (0.36 ml, 2.70 mmol) and Pd(PPh3)4 (312 mg, 0.27 mmol) 
were added to a solution of imidoyl selenide 4.30 (259 mg, 0.54 mmol) in toluene (3 ml) 
under N2(g). The reaction was refluxed for 48 h. The solvent was removed under reduced 
pressure. The residue was dissolved in DCM (IO ml). The organics were washed with water 
(5 ml), saturated NaHC03 solution (5 ml) and brine (5 ml). The organics were dried (MgS04), 
filtered and the solvent removed under reduced pressure. The resulting residue was further 
purified by column chromatography (alumina, 25% DCM in hexanes). The 6-(4-
trifluoromethylphenyl)phenanthridine 4.14 (84 mg, 48%) was obtained as white crystals. 
Radical Method: ('BUO)2 (0.45 ml, 2.48 mmol) was added to a solution of the imine 4.7 (366 
mg, 1.13 mmol) in PhCI (6 ml). The reaction vessel was flushed with N2(g) for IS min. The 
vessel was sealed and the reaction heated at 140 °C for 48 h. The reaction was allowed to cool 
to rt before the vessel was opened. NaHS03 was added to the reaction to quench the peroxide. 
The reaction was extracted with DCM (3 x 15 ml). The organics were washed water (15 ml) 
and brine (15 ml). The organics were dried (MgS04), filtered and the solvent removed under 
reduced pressure. The resulting residue was purified by column chromatography (silica, 1: 1 
DCM:hexane). The 6-(4-trifluoromethylphenyl)phenanthridine 4.14 (186 rug, 51%) was 
isolated as white crystals. 
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Mp 174-175 °C; Vrnax (KBr)/crn·1 2368 (C=N), 1111 (C-F); 011 (400 MHz CDCh) 7.65 (!H, 
ddd, J 1.2,7.2, Ar-H), 7.73 (Ill, ddd, J 1.6,7.2, Ar-H), 7.79 (1H, ddd, J 1.6,7.2, Ar-H), 7.87 
(5H, m, Ar-H), 8.03 (!H, dd, J 0.8, 8.4, Ar-H), 8.24 (!H, m, Ar-H), 8.65 (IH, dd, J 1.6, 8.0, 
Ar-H), 8.74 (!H, d, J8.4, Ar-H); 0c(100 MHz, CDCb) 122.0 (Ar-CH), 122.4 (Ar-CH), 123.9 
(Ar-C), 124.9 (Ar-C), 125.4 (CF3), 125.5 (2 x Ar-CH), 125.6 (Ar-C), 127.4 (2 x Ar-CH), 
128.3 (Ar-CH), 129.1 (Ar-CH), 130.2 (2 x Ar-CH), 130.4 (Ar-CH), 130.9 (Ar-CH), 133.5 
(Ar-C), 143.4 (Ar-C), 143.7 (Ar-C), 159.7 (Ar-C=N); HRMS (FAB+) Found: [M+If'] 
325.1004 C2oH13NF3 requires 325.1000); mlz (FAB+) 324 ([M+If'] 100%),323 (21). 
Preparation of biphenyl-2-yl-( 4-dimethylaminobenzyJidene)amine 4.8 
4-Dimethylaminobenzaldehyde (440 mg, 2.95 rnrnol) was added to a solution of 2-
aminobiphenyl (500 mg, 2.95 rnmol) in DCM (5 rnl) in the presence of 4 A molecular sieves. 
The reaction was stirred at rt for 5 h. The reaction was filtered through a pad of celite with 
DCM to remove the molecular sieves. The solvent was removed under reduced pressure. The 
resulting solid was recrystallised from DCM layered with hexane at reduced temperature. The 
biphenyl-2-yl-(4-dimethylarninobenzylidene)amine 4.8 (588 mg, 66%) was isolated as a 
yellow crystals. Mp 82-83 °C; Vrnax (KBr)/cm·1 1690 (C=N) ; OH (400 MHz, CDCh) 3.00 (6H, 
s, N(CH3h), 6.68 (2H, dd, J 1.6, 6.8, Ar-H), 7.06 (!H, dd, J 1.2, 7.6, Ar-H), 7.25 (2H, m, Ar-
H), 7.34 (3H, m, Ar-H), 7.44 (1H, dd, J 1.2, 7.2, Ar-H), 7.51 (2H, rn, Ar-H), 7.67 (2H, dd, J 
2.0, 7.2, Ar-H), 8.32 (!H, s, imine-H); 0c(100 MHz, CDCh) 40.1 (2 x CH3), 111.5 (2 x Ar-
CH), 119.2 (Ar-CH), 124.8 (Ar-C), 125.1 (Ar-CH), 126.5 (Ar-CH), 127.6 (2 x Ar-CH), 128.3 
(Ar-CH), 130.2 (Ar-CH), 130.3 (2 x Ar-CH), 130.4 (2 x Ar-CH), 135.1 (Ar-C), 139.8 (Ar-C), 
150.6 (Ar-C), 152.4 (Ar-C), 160.0 (imine-C); HRMS (FAB+) Found: [M+H+] 301.1704. 
C21H21N2 requires 301.1705; mlz (FAB1301 (M+If', 100%),300 (88), 299 (61), 180 (66). 
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Preparation of N-bipbenyl-2-yl-4-dimetbylaminobenzamide 4.24 
4-Dimethylaminobenzoyl chloride (1.63 g, 8.86 mmol) was added to a solution of 2-
aminobiphenyl (1.50 g, 8.86 mmol) and Et3N (2.47 ml, 17.73 mmol) in DCM (50 ml) at 0 °C. 
The reaction was allowed to warm to rt whilst stirring for 5 h. The reaction was washed with 
water (20 ml), NaHC03 (20 ml) and brine (20 ml). The organics were dried (MgS04), filtered 
and the solvent removed under reduced pressure. The resulting solid was purified by 
trituration with DCM and hexanes at reduced temperature and the resulting solid filtered 
under vacuum. The N-biphenyl-2-yl-4-dimethylaminobenzamide 4.24 (1.72 g, 61%) was 
obtained as off white crystals mp 204-205 °C. Vmax (KBr)/cm-1 3370 (amide NH stretch), 1650 
(C=O); OH (400 MHz, CDCh) 2.99 (6H, s, N(CH3)2), 6.60 (2H, dd, J 2.0, 6.8, Ar-H), 7.17 
(!H, dt, J 1.2, 7.6, Ar-H), 7.26 (IH, dd, J 1.2, 7.6, Ar-H), 7.46 (8H, m, Ar-H), 7.92 (!H, s, 
NH), 8.57 (IH, dd, J 1.2, 8.4, Ar-H); Oe (lOO MHz, CDCh) 40.1 (2 x CH3), 111.1 (2 x Ar-
CH), 120.8 (Ar-CH), 121.2 (Ar-C), 123.6 (Ar-CH), 128.0 (Ar-CH), 128.4 (2 x Ar-CH), 128.5 
(Ar-CH), 129.2 (2 x Ar-CH), 129.4 (2 x Ar-CH), 129.9 (Ar-CH), 131.8 (Ar-C), 135.5 (Ar-C), 
138.3 (Ar-C), 152.5 (Ar-C), 165.0 (C=O); HRMS (FAB+) Found: [M+H'] 317.1659. 
C21H21N20 requires 317.1654; mlz (FAB+) 317 (~, 46%), 316 (38), 148 (100). 
Preparation of pbenyl-N-bipbenyl-2-yl-4-( dimetbylamino )benzimidoselen oate 4.31 
Reaction was carried out using dry conditions. DMF (6 drops) was added to a solution of 
amide 4.24 (1.50 g, 4.74 mmol) in DCM (40 ml). Phosgene (7.52 ml, 14.22 mmot) was added 
dropwise to the solution and the reaction stirred at rt for 5 h. The solvent was removed under 
reduced pressure. The residue was dissolved in THF (30 ml). In a separate flask a I M 
solution of K-selectride@ in THF (5.21 ml) was added to a solution of diphenyl diselenide 
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(740 mg, 2.37 mmol) in THF (50 ml) forming a white suspension. The contents of the first 
flask were cannulated into the suspension of the second flask and the reaction allowed to stir 
at rt overnight. The solvent was removed under reduced pressure. The residue was dissolved 
in DCM (20 ml) and washed with water (20 ml). The organics were separated, dried 
(MgS04), filtered and the solvent removed under reduced pressure. No further purification 
was carried out. The (Z)-phenyl N-biphenyl-2-yl-4-(dimethylamino)benzimidoselenoate 4.31 
(282 mg, 62% crude) was carried on to the next reaction crude. 
Preparation of 6-(4-dimethylaminophenyl) phenanthridine 4.15 
Palladium Method: Triethylamine (0.17 ml, 1.20 mmol) and Pd(PPhJ)4 (138 mg, 0.12 mmol) 
were added to a solution of imidoyl selenide 4.31 (109 mg, 0.24 mmol) in toluene (2 ml) 
under N2(g). The reaction was refluxed for 48 h. The solvent was removed under reduced 
pressure. The residue was dissolved in DCM (5 ml). The organics were washed with water (5 
ml), saturated NaHCOJ solution (5 ml) and brine (5 ml). The organics were dried (MgS04), 
filtered and the solvent removed under reduced pressure. The resulting residue was further 
purified by column chromatography (alumina, 25% DCM in hexanes). The 6-(4-
dimethylaminophenyl) phenanthridine 4.15 (16 mg, 22%) was obtained as white crystals. 
Radical Method: ('BUO)2 (0.47 ml, 2.56 mmol) was added to a solution of the imine 4.8 (350 
mg, 1.17 mmol) in PhCI (7 ml). The reaction vessel was flushed with N2(g) for 15 min. The 
vessel was sealed and the reaction heated at 140°C for 48 h. The reaction was allowed to cool 
to RT before the vessel was opened. NaHSOJ was added to the reaction to quench the 
peroxide. The reaction was extracted with DCM (3 x 15 ml). The organics were washed water 
(15 ml) and brine (15 ml). The organics were dried (MgS04), filtered and the solvent removed 
under reduced pressure. The resulting residue was purified by column chromatography (silica, 
1:1 DCM:hexane). The 6-(4-dimethylaminophenyl)phenanthridine 4.15 (147 mg, 42%) was 
isolated as white crystals. 
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Mp 155-157 QC; Vmax (KBr)/cm-1 1625 (C=N); (iH (400 MHz, CDCh) 3.00 (6H, s, N(CH3)2), 
7.55 (1H, dd, J 1.2, 7.2, AT-H), 7.70 (1H, dd, J 1.6,7.2, AT-H), 7.80 (1H, dd, J 1.6, 7.2, AT-
H), 7.86 (5H, m, AT-H), 8.01 (lH, dd, J 0.8, 8.4, AT-H), 8.30 (lH, m, AT-H), 8.66 (lH, dd, J 
1.6, 8.0, AT-H), 8.76 (lH, d, J 8.4, AT-H); (ic (100 MHz, CDCb) 40.7 (2 x CH3), 112.1 (2 x 
AT-CH), 118.9 (AT-CH), 124.8 (AT-C), 124.9 (AT-CH), 126.5 (3 x AT-CH), 128.1 (Ar-CH), 
129.9 (AT-CH), 130.1 (2 x AT-CH), 130.2 (2 x Ar-CH), 134.9 (AT-C), 139.9 (AT-C), 150.0 
(AT-C), 152.7 (AT-C), 160.0 (AT-C=N); HRMS (FAB+) Found: [M+W] 299.1548. C21HI9N2 
requires 299.1548; mlz (FAB+) 299 (M'W, 100%), 120 (56). 
Preparation of biphenyl-2-yl-( 4-nitrobenzylidene) amine 4.94.1 
4-Nitrobenzaldehdye (446 mg, 2.95 mmo1) was added to a solution of aminobipheny1 (500 
mg, 2.95 mmol) in DCM (8 ml) in the presence of 4 A molecular sieves. The reaction was 
stirred at rt for 5 h. The reaction was filtered through a pad of celite with DCM. The solvent 
was removed under reduced pressure. The resulting solid was further purified by 
recrystallisation from DCMlHexane to give the biphenyl-2-yl-(4-nitrobenzylidene)amine 4.9 
(770 mg, 86%) as yellow crystals mp 105-106 °C (lit.4.1 106-107 0C). (iH (400 MHz, CDCb) 
7.13 (lH, dd, J 1.2,7.6, AT-H), 7.39 (7H, m, AT-H), 7.50 (lH, dd, J2.0, 7.2, AT-H), 7.95 (2H, 
dt, J 2, 88, AT-H), 8.28 (2H, dt, J 2, 8.8, Ar-H), 8.56 (lH, s, imine-H); (ic (100 MHz, CDCh) 
118.4 (AT-CH), 124.0 (2 x AT-CH), 127.0 (AT-CH), 127.1 (AT-CH), 127.8 (2 x AT-CH), 128.5 
(AT-CH), 129.4 (2 x AT-CH), 130.2 (2 x Ar-CH), 130.6 (Ar-CH), 136.0 (AT-C), 139.2 (Ar-C), 
141.7 (AT-C), 148.5 (AT-C), 149.2 (AT-C), 157.5 (imine-C); HRMS (FAB+) Found: [M+] 
303.1136. C19HI~202 requires 303.1134; mlz (FABl303 (M+, 100%),302 (63), 180 (65), 
154 (47), 136 (30). 
The spectroscopic data were in agreement with those in the literature.4.1 
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Preparation of N-(biphenyl-2-yl)nitrobenzamide 4.25 
4-Nitrobenzoyl chloride (1.64 g, 8.86 mrnol) was added to a solution of 2-aminobiphenyl 
(1.50 g, 8.86 mmol) and ElJN (2.47 ml, 17.73 mmol) in DCM (25 ml) and the reaction was 
refluxed for 5 h. The reaction was allowed to cool the rt, washed with NaHC03 (25 ml) and 
brine (25 ml). The organics were dried (MgS04), filtered and the solvent removed under 
reduced pressure. The resulting solid was further purified by trituration with DCM and 
hexanes at reduced pressure and filtering off the resulting solid. The N-(biphenyl-2-
yl)nitrobenzamide 4.25 (1.24 g, 44%) was obtained as an off-white solid mp 109-110 cC. Vrnax 
(KBr)/cm·1 1364 (N02 stretch); OH (400 MHz, CDCh) 7.28 (JH, m, Ar-H), 7.34 (2H, m, Ar-
H), 7.50 (6H, m, Ar-H), 7.75 (2H, d, J8.8, Ar-H), 8.00 (IH, s, NH), 8.24 (2H, rn, Ar-H), 8.50 
(IH, d, J 8, Ar-H); oc (lOO MHz, CDCh) 121.2 (Ar-C1I), 124.0 (2 x Ar-C1I), 125.1 (Ar-CH), 
128.0 (2 x Ar-C1I), 128.5 (Ar-C1I), 128.9 (Ar-C1I), 129.3 (2 x Ar-C1I), 129.4 (2 x Ar-C1I), 
130.1 (Ar-C1I), 132.7 (Ar-C), 134.2 (Ar-C), 137.7 (Ar-C), 140.3 (Ar-C), 149.7 (C=O); 
HRMS (FAB+) Found: [M+W] 319.1088. C19Hl~203 requires: 319.1083; mlz (FAB+) 319 
(M+H+,29%), 176 (40),154 (100),136 (58). 
Preparation of 6-( 4-nitrophenyl)phenanthridine 4.164.1 
NOz 
('BUO)2 (0.42 ml, 2.32 mmol) was added to a solution of the imine 4.9 (350 mg, 1.16 mmol) 
in PhCl (6 ml). The reaction vessel was flushed with N2(g) for 15 min. The vessel was sealed 
and the reaction heated at 140°C for 48 h. The reaction was allowed to cool to rt before the 
vessel was opened. NaHS03 was added to the reaction to quench the peroxide. The reaction 
was extracted with DCM (3 x 15 ml). The organics were washed water (15 ml) and brine (15 
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ml). The organics were dried (MgS04), filtered and the solvent removed under reduced 
pressure. The resulting residue was purified by column chromatography (silica, 1:1 
DCM:hexane). The 6-(4-nitrophenyl)phenanthridine 4.16 (160 mg, 46%) was isolated as 
white crystals mp 192-193 °C. Vrnax (KBr)/cm"l 1550 (N02), 1520 (C=N), 1350 (N02); QH(400 
MHz, CDCh) 7.69 (lH, t, J8.0, Ar-H), 7.79 (3H, m, Ar-H), 7.98 (3ll, m, Ar-H), 8.29 (lH, m, 
Ar-H), 8.47 (2ll, m, Ar-H), 8.67 (lH, dd, J 1.6, 8.0, Ar-H), 8.77 (Ill, d, J 8.4, Ar-H); Qc (lOO 
MHz, CDCh) 121.6 (Ar-aI), 122.7 (Ar-aI), 123.6 (Ar-C), 125.0 (Ar-C), 125.5 (2 x Ar-
aI), 125.7 (Ar-C), 127.6 (2 x Ar-aI), 128.1 (Ar-aI), 128.7 (Ar-aI), 130.1 (2 x Ar-CH), 
130.3 (Ar-aI), 131.0 (Ar-aI), 134.0 (Ar-C), 143.6 (Ar-C), 144.1 (Ar-C), 160.0 (Ar-C=N); 
HRMS (FAB+) Found: [M+] 300.0896. C19H12N202 requires 300.0899; m/z (FAB+) 300 
([M+],90%), 122 (lOO). 
The spectroscopic data were in agreement with those in the literature.4.1 
Preparation of N-biphenyldiimine 4.36 
Method 1: 2-Arninobiphenyl (846 mg, 5.00 mmol) was added to a solution of glyoxal (40% 
in water, 0.25 ml, 2.5 mmol) in E120 (10 ml) in the presence of 4A molecular sieves. The 
reaction as refluxed for 8 h. The reaction was cooled and filtered through a pad of celite and 
the solvent removed under reduced pressure. The crude product was recrystallised from DCM 
layered with hexanes at reduced temperature to yield the N-biphenyldiimine 4.36 (459 mg, 
51 %) as yellow crystals. 
Method 2: A solution of glyoxal (1.03 ml, 10 mmol, 40% in water) was added to a solution 
of 2-aminobiphenyl (3.38 g, 20 mmol) in methanol (12.5 ml) over 5 min. Propan-2-01 was 
added (12 ml) and methanol distilled from the solution at 71 °C. More propan-2-o1 was added 
and distillation continued until complete solution occurred. The solution was allowed to cool 
to Tt and the solid filtered under vacuum. The N-biphenyldiimine 4.36 (3.02 g, 84%) was 
obtained as yellow crystals. 
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Mp 186-187 CC; Vrnax (KBr)/cm-1 1584 (Ar-C=N); 1i1l (400 MHz, CDCh) 7.08 (2H, m, Ar-H), 
7.40 (16H, m, Ar-H), 8.32 (2H, s, imine-H); lie (100 MHz, CDCh) 118.4 (2 x Ar-Of), 127.2 
(2 x Ar-CH), 127.6 (2 x Ar-Of), 127.9 (4 x Ar-Of), 128.4 (2 x Ar-CH), 130.2 (4 x Ar-CH), 
130.7 (2 x Ar-Of), 136.4 (2 x Ar-C), 139.0 (2 x Ar-C), 148.0 (2 x Ar-C), 160.7 (2 x C=N); 
HRMS (FAB+) Found: [M+W] 361.1710. Cz6fbNz requires 361.1705; mlz (FABl 361 
([M+H+] 67%), 360 (41), 192 (26), 181 (20), 180 (lOO), 176 (24), 165 (23), 155 (97), 153 
(30), 137 (48),136 (76). 
Preparation of N, N-bis-biphenyl-2-yl oxalamide 4.39 
The reaction was carried out under dry conditions. A solution of 2-aminobiphenyl (5.08 g, 
30.00 mmol) in THF (25 ml) was cooled to 0 cC. Oxalyl chloride (1.31 ml, 15.00 mmol) was 
added drop wise to the solution. The reaction was allowed to warm to rt and stirred for 30 
min. The resulting suspension was filtered and washed with ethanol. The N,N' -bis-biphenyl-
2-yl oxalamide 4.39 (4.75 g, 81%) was isolated as colourless crystals mp 238-239 cC. Vmax 
(KBr)/cm-l 1689 (C=O), 1450 (Ar-C=C); lill (400 MHz, CDCh) 7.38 (16H, m, Ar-H), 8.38 
(2H, d, J 0.8, Ar-H), 9.54 (2H, s, 2 x NH); lie (lOO MHz, CDCh) 120.3 (2 x Ar-Of), 125.3 (2 
x Ar-Of), 128.4 (2 x Ar-Of), 128.5 (2 x Ar-CH), 129.2 (4 x Ar-Of), 129.3 (4 x Ar-Of), 
130.4 (2 x Ar-Of), 132.9 (2 x Ar-C), 133.3 (2 x Ar-C), 137.2 (2 x Ar-C), 157.3 (2 x C=O); 
HRMS (El) Found: 410.1860 [M+NH/] CztiH24N302 requires 410.1863; mlz (El) 392 (M+, 
52%),196 (80),178 (68),167 (lOO). 
Preparation of N, N'-bis-(2-biphenyl)oxalimide phenylselenide 4.37 
Reaction was carried out under dry conditions. Phosphorus pentachloride (3.18 g, IS .28 
mmol) was added to a solution of N,N' -bis-biphenyl-2-yl oxalamide 4.39 (2.00g, 5.10 mmol) 
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in toluene (30 ml). The reaction was refluxed for 3 h. After cooling to rt light petroleum was 
added and the yellow solid collected via vacuum filtration. A solution of the bis(imidoyl 
chloride) in THF (10 m\) was added to a suspension of diphenyl diselenide (159 mg, 5.10 
mmol) and K-selectride®(lO ml, 10.00 mmol) in THF (20 ml). The reaction was stirred at rt 
for 16 h. The solvent was removed under reduced pressure. The residue was taken up in DCM 
and washed with water. The organics were separated, dried (MgS04), filtered and solvent 
removed under reduced pressure. The resulting solid was purified by recrystaIlisation from 
DCM layer with hexane at reduced temperature. The N,N'-bis(2-biphenyl)oxalimide 
phenylselanide 4.37 (2.22 g, 65%) as pale yellow crystals mp 199-200 QC. Vrnax (KBr)!cm-! 
3060 (Ar-CH), 1615 (C=N), 840, (Ar), 739 (Ar); OH (400 MHz, CDCh) 5.52 (2H, s, Ar-H), 
7.12-7.51 (26H, m, Ar-H); Oe (lOO MHz, CDCh) 118.9 (2 x Ar-CH), 125.5 (2 x Ar-CH), 
126.7 (2 x Ar-C), 127.1 (2 x Ar-CH), 127.5 (2 x Ar-CH), 127.8 (4 x Ar-CH), 129.1 (6 x Ar-
CH), 129.7 (4 x Ar-CH), 130.4 (2 x Ar-CH), 131.9 (2 x Ar-C), 137.9 (4 x Ar-CH), 138.6 (2 x 
Ar-C), 146.3 (2 x Ar-C), 157.5 (2 x C=N); HRMS (FAB+) Found: [M+Hl 673.0654. 
C38H29N2Se2 requires 673.0656; mlz (FAB+) 673 ([M+Jt] 56%), 515 (25), 362 (24), 180 
(100). 
Preparation of 2-Phenylethynylphenylamine 4.476.5 
Copper(1) iodide (137 mg, 0.72 ml) and Pd(PPh3hCb (505 mg, 0.72 mmol) were added to a 
solution of2-iodoaniline (3.15 g, 14.38 mmol) in EfJN (40 ml). The solution was stirred until 
homogeneous. Phenyl acetylene was added and the reaction refluxed for 2 h. The reaction was 
allowed to cool to rt and water (30 ml) was added. The reaction was extracted with DCM (3 x 
20 ml), the organic fractions combined and washer with brine (2 x 30 ml). The organics were 
dried (MgS04), filtered and the solvent removed under reduced pressure. The crude solid was 
purified by recrystaIIisation from DCM layered with hexanes at reduced temperature. The 2-
phenylethynylphenylamine 4.47 (2.59 g, 93%) was obtained as brown crystals mp 84-85 °C 
(lit.6.s 85-86 0C). Vrnax (thin film)/cm-! 3465 (NH2), 3367 (NH2), 3057 (Ar-CH), 2205 (C=C). 
747 (Ar); Oil (400 MHz, CDCh) 4.27 (2H, s, NH2), 6.71 (2H, m, Ar-H), 7.41 (2H, m, Ar-H). 
7.34 (4H, m, Ar-H), 7.53 (2H, m, Ar-H); Oe (100 MHz, CDCh) 85.9 (alkyne-C), 94.7 (alkyne-
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C), 107.9 (Ar-C), 114.3 (Ar-CH), 118.0 (Ar-CH), 123.3 (Ar-C), 128.2 (Ar-CH), 128.3 (2 x 
Ar-CH), 129.7 (Ar-CH), 131.5 (Ar-CH), 132.1 (Ar-CH), 147.8 (Ar-C). 
The spectroscopic data were in agreement with those in the literature.6.5 
Preparation of (E)-N-( 4-chloro benzylidene)-2-(2-phenylethynyl) benzenamine 4.48 
4-Chlorobenzaldehyde (364 mg, 2.59 mmoi) was added to a solution of the amine 4.47 (500 
mg, 2.59 mmol) in DCM (5 ml) in the presence of 4 A molecular sieves. The reaction was 
stirred at rt for 5 h. The reaction was filtered through a pad of celite with DCM to remove the 
molecular sieves. The solvent was removed under reduced pressure. The (E)-N-(4-
chlorobenzylidene )-2-(2-phenylethynyl)benzenamine 4.48 (214 mg, 68%) was isolated as a 
yellow oil. Vmax (KBr)/cm-\ 1515 (C=N), 800 (Ar-Cl); OH (400 MHz, CDCb) 6.97 (lH, dt, J 
1.2, 8.0, Ar-H), 7.35 (12H, m, Ar-H), 7.77 (lH, m, Ar-H), 8.41 (lH, s, imine-H); Oc (100 
MHz, CDCh) 85.3 (alkyne-C), 96.1 (alkyne-C), 112.8 (Ar-C), 119.0 (Ar-CH), 127.6 (Ar-
CH), 127.9 (Ar-CH), 128.3 (2 x Ar-CH), 128.5 (2 x Ar-CH), 128.7 (2 x Ar-CH), 130.1 (Ar-
CH), 130.3 (3 x Ar-CH), 131.6 (Ar-C), 132.1 (Ar-C), 138.3 (Ar-C) 139.2 (Ar-C), 159.6 
(imine-CH); HRMS (FAB+) Found: [M+H'1 316.0895. C21HIsNCl requires 316.0893; mlz 
(FAB+) 673 ([M+H+] 56%), 515 (25), 362 (24), 180 (100). 
Preparation of 4-chloro-N-(2-phenylethynylphenyl)benzamide 4.50 
ro~Ph I "-': 0 
.6- N~ H I 
.6- Cl 
4-Chlorobenzoyl chloride (0.33 ml, 2.59 mmol) was added to a solution of amine 4.47 (500 
mg, 2.59 mmol) and EtJN (0.72 ml, 5.18 mmol) in DCM (6 m) at 0 C. The reaction was 
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allowed to wann to rt and stirred for 5 h. Water (10 ml) was added and the reaction extracted 
with DCM (3 x 10 ml). The organics were washed with brine (15 ml), dried (MgS04), filtered 
and the solvent removed under reduced pressure. The crude solid was purified by 
recrystallisation from DCM layered with hexanes at reduced pressure to yield the 4-chloro-N-
(2-phenylethynylphenyl)benzamide 4.50 (469 mg, 56%) as an off-white solid. Mp 149-150 
°C; Vrnax (KBr)/cm-1 3250 (amide NH stretch), 1655 (C=O), 795 (Ar-CI); DH (400 MHz, 
CDCh) 7.14 (1H, dt, J 1.2, 7.6 Ar-H), 7.48 (9H, m, Ar-H), 7.90 (2H, m, Ar-H), 8.59 (JH, d, J 
7.6, Ar-H), 8.88 (IH, s, NH); Dc (100 MHz, CDCh) 84.4 (alkyne-C), 96.1 (alkyne-C), 112.3 
(Ar-C), 119.2 (Ar-CH), 128.3 (Ar-CH), 128.4 (Ar-CH), 128.7 (2 x Ar-CH), 129.1 (2 x Ar-
CH), 129.2 (2 x Ar-CR), 130.0 (Ar-CH), 131.4 (2 x Ar-CH), 131.6 (Ar-CH), 131.9 (Ar-C), 
133.3 (Ar-C), 138.6 (Ar-C), 138.8 (Ar-C), 164.0 (C=O); HRMS (FAB+) Found: [M+H+] 
331.0764. C21Hl4CINO requires 331.0767; mJz (FAB+) 332 ([M+W], 58%), 331 (45), 307 
(26),176 (20),155 (25),154 (100),141 (22),139 (66),138 (28),137 (50),136 (63). 
Preparation of phenyl 4-chloro-N-(2-{phenylethynyl)phenyl)benzimidoselenoate 4.51 
o1~Ph I ~ SePh hN~ 
llACl 
The reaction was carried out using dry conditions. DMF (6 drops) was added to a solution of 
amide 4.50 (330 mg, 0.99 mmol) in DCM (7 ml). Phosgene (1.57 ml, 2.97 mmol) was added 
dropwise to the solution and the reaction stirred at rt for 4 h. The solvent was removed under 
reduced pressure. The residue was dissolved in THF (8 ml). In a separate flask a 1 M solution 
of K-selectride® in THF (1.09 ml) was added to a solution of diphenyl diselenide (153 mg, 
0.49 mmol) in THF (10 ml) forming a white suspension. The contents of the first flask were 
cannulated into the suspension of the second flask and the reaction allowed to stir at rt 
overnight. The solvent was removed under reduced pressure. The residue was dissolved in 
DCM (10 ml) and the organics washed with water (10 ml). The organics were separated, dried 
(MgS04), filtered and the solvent removed under reduced pressure. No further purification 
was carried out. The (Z)-phenyl-4-chloro-N-(2-{phenylethynyl)phenyl)benzimidoselenoate 
4.51 was carried on to the next reaction crude. 
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Preparation of 2-pbeny\-N-(2-pbeny\etbyny\pbeny\)propionamide 4.52 
N,N-Dimethylformamide (3 drops) and oxalyl chloride (0.90 ml, 10.35 mmol) were added to 
a solution of (+/-)-2- phenyl propionic acid (0.85 ml) in DCM (10 ml) under Nlg). The 
reaction was stirred at rt for 2 h until the evolution of gas stopped. The solvent was removed 
under reduced pressure. The residue was dissolved in DCM (15 ml) and the solution cooled to 
o cC. Triethylamine (1.00 ml, 7.24 mmol), DMAP (64 mg, 0.52 mmol) and 2-
phenylethynylphenylamine 4.47 (1.00 g, 5.17 mmol) were added to the solution and the 
reaction allowed to warm to rt overnight whilst stirring. Water (10 ml) was added to the 
reaction to quench the reaction. The organics were separated and washed with a sat. NaHC03 
solution (3 x 10 ml), water (3 x 10 ml) and brine (3 x 10 ml). The organics were dried 
(MgS04), filtered and the solvent removed under reduced pressure. The resulting residue was 
purified by column chromatography (silica, 1:1 DCM:hexane). The 2-phenyl-N-(2-
phenylethynylphenyl) propionamide 4.52 (814 mg, 52%) was isolated as a yellow solid mp 
84-85 cC. Vrnax (KBr)/cm-13150 (amide NH stretch), 1670 (C=O); 511 (400 MHz, CDCh) 1.60 
(3H, d, J7.2, CH3), 3.77 (1H, q, J7.2, CHCH3), 7.00 (HI, dt, J 1.2,7.6, AI-H), 7.09 (1H, tt, J 
1.2,7.2, AI-H), 7.17 (2H, In, AI-H), 7.34 (9H, m, AI-H), 7.97 (lH, s, NH), 8.47 (1H, cl, J 8.4, 
AI-H); 5c (100 MHz, CDCh) 18.4 (CHCH3), 48.5 (CHCH3), 83.8 (alkyne-C), 96.0 (alkyne-
C), 111.9 (AI-C), 119.1 (AI-CH), 122.2 (Ar-C), 123.3 (AI-CH), 127.5 (AI-CH), 127.6 (2 x 
AI-CH), 128.3 (2 x AI-CH), 128.8 (AI-CH), 129.1 (2 x Ai-CH), 129.6 (AI-CH), 131.7 (3 x 
AI-CH), 139.0 (AI-C), 140.6 (AI-C), 172.3 (C=O); HRMS (FAB+) Found: [M+W] 326.1546. 
C23H19NO requires 326.1545; mlz (FAB+) 326 ([M+W] 100%),325 (54), 193 (23), 105 (59). 
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Preparation of (Z)-pbenyl 2-pbenyl-N-(2-(phenylethynyl)phenyl)propanimidoselenoate 
4.53 
~:hh 
VN;YPh 
Reaction carried out using dry conditions. DMF (6 drops) was added to a solution of amide 
4.52 (870 mg, 2.67 mmol) in DCM (15 ml). Phosgene (5.65 ml, 10.69 mmol) was added 
dropwise to the solution and the reaction stirred at rt for 14 h. The solvent was removed under 
reduced pressure. The residue was dissolved in THF (15 ml). In a separate flask a 1 M 
solution of K-selectride® in THF (2.94 ml) was added to a solution of diphenyl diselenide 
(418 mg, 1.34 mmol) in THF (15 ml) forming a white suspension. The contents of the first 
flask were cannulated into the suspension of the second flask and the reaction allowed to stir 
at rt overnight. The solvent was removed under reduced pressure. The residue was dissolved 
in DCM (10 ml) and the organics washed with water (10 ml). The organics were separated, 
dried (MgS04), filtered and the solvent removed under reduced pressure. No further 
purification was carried out. The (Z)-phenyl 2-phenyl-N-[2-(phenylethynyl)phenyl] 
propanimidoselenoate 4.53 was carried on to the next reaction crude. 
Preparation of 3-phenyl-N-(2-phenylethynylphenyl) propionamide 4.54 
c6~Ph I"': 0 h- N 
H 
Triethylamine (1.12 ml, 8.00 mmol) was added to a solution of 2-phenyl-N-(2-
phenylethynylphenyl) propionamide 4.47 (773 mg, 4.00 mmol) in DCM (15 ml). The solution 
was cooled to 0 DC. 3-Phenylpropionyl chloride was added dropwise to the solution and the 
reaction allowed to warm to rt overnight whilst stirring. Water (10 ml) was added to quench 
the reaction. The organics were separated and washed with a sat. NaHC03 solution (3 x 10 
ml), water (3 x 10 ml) and brine (3 x 10 m!). The organics were dried (MgS04), filtered and 
the solvent removed under reduced pressure. The resulting solid was further purified by 
recrystallisation from DCM layered with hexane at reduced temperature. The 3-phenyl-N-(2-
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phenylethynylphenyl) propionamide 4.54 (760 mg, 58%) was isolated as a yellow solid mp 
126-127 cC. Vrnax (KBr)/cm-1 3230 (amide NH stretch), 1680 (C=O); 011 (400 MHz, CDCh) 
2.74 (2H, t, J 8.4, COCH2CH2), 3.09 (2H, t, J 7.6, COCH2CH2), 7.07 (lH, dt, J 0.8, 7.6, Ar-
H), 7.23 (5H, m, Ar-H), 7.37 (4H, m, Ar-H), 7.49 (3H, m, Ar-H) 7.94 (lH, s, NH), 8.45 (lH, 
d, J8.4, Ar-H); 0c(100 MHz, CDCh) 31.5 (COCH2CH2), 39.8 (COCH2CH2), 84.2 (a1kyne-
C), 96.5 (alkyne-C), 111.5 (Ar-C), 119.4 (Ar-CH), 122.3 (Ar-C), 123.4 (Ar-CH), 126.4 (Ar-
CH), 128.3 (2 x Ar-CH), 128.6 (4 x Ar-CH), 129.0 (Ar-CH), 129.7 (Ar-CH), 131.5 (2 x Ar-
CH), 131.7 (Ar-CH), 138.8 (Ar-C), 140.5 (Ar-C), 170.2 (C=O); HRMS (FAB+) Found: 
[M+WJ 326.1546. C23HI9NO requires 326.1545; mlz (FAB+) 326 ([M+H+J 100%) 325 (40), 
194 (20), 193 (43), 154 (30), 136 (25),105 (30), 91 (27). 
Preparation of phenyI3-phenyl-N-(2-(phenylethynyl)phenyl)propanimidoselenoate 4.55 
Reaction was carried out using dry conditions. DMF (6 drops) was added to a solution of 
amide 4.54 (600 mg, 1.85 mmol) in DCM (10 ml). Phosgene (2.93 ml, 5.54 mmol) was added 
dropwise to the solution and the reaction stirred at rt for 4 h. The solvent was removed under 
reduced pressure. The residue was dissolved in THF (10 m!). In a separate flask a 1 M 
solution of K-selectride® in THF (2.03 ml) was added to a solution of diphenyl diselenide 
(287 mg, 0.92 mmol) in THF (20 ml) forming a white suspension. The contents of the first 
flask were cannulated into the suspension of the second flask and the reaction allowed to stir 
at rt overnight. The solvent was removed under reduced pressure. The residue was dissolved 
in DCM (10 ml) and the organics washed with water (10 ml). The organics were separated, 
dried (MgS04), filtered and the solvent removed under reduced pressure. No further 
purification was carried out. The phenyl 3-phenyl-N-[2-(phenylethynyl)phenyl] 
propanimidoselenoate 4.55 was carried on to the next reaction crude. 
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Preparation of aza ylide 4.606.6 
2-Aminobiphenyl (500 mg, 2.95 mmol) and PPh3 (1.55 g, 5.90 mmol) were dissolved in a 
mixture ofMeCN (8 ml) and Et3N (5 ml). Carbon tetrachloride (3 ml) was added and the 
reaction mixture was left overnight at rt without stirring. The solid was removed by vacuum 
filtration and washed with MeCN. The filtrate was reduced to dryness under pressure. The 
crude mixture was purified by column chromatography (4:1 DCM: hexane) followed by 
recrystaIIisation from hot EhO. The aza ylide 4.60 (190 mg, 15%) was afforded as brown 
crystals. Vmax (KBr)/cm-1 1590 (C=C), 850 (Ar-CH); OH (400 MHz, CDCb) 6.59 (1H, d, J 7.6, 
Ar-H), 6.34 (1H, t, J7.2, Ar-H), 6.88 (IH, dt, J 1.6, 7.6, Ar-H), 7.27 (2H, m, Ar-H), 7.38 (8H, 
m, Ar-H), 7.48 (3H, m, Ar-H), 7.65 (8H, m, Ar-H); HRMS (FAB+) Found: [M+H+] 
429.1643. C30H24NP requires 429.1646; mlz (FAB+) 430 ([M+H+] 100%),429 (81), 428 (25), 
183 (28). 
Preparation of N-biphenyl-2-yl-2-phenyl propionamide 4.66 
cc'-':: Ph\C~ I.& N :::,-.. 
H 
N,N-Dimethylformamide (6 drops) and oxalyl chloride (2.35 ml, 26.95 mmol) were added to 
a solution of(+I-)-2-phenylpropionic acid. The reaction was stirred at rt for 2 h. The solvent 
was removed under reduced pressure. The residue was redissolved in DCM (30 ml) and the 
solution cooled to 0 cC. Triethylamine (2.63 ml, 18.86 mmol), DMAP (165 mg, 1.35 mmol) 
and 2-aminobiphenyl (2.28 g, 13.47 mmol) were added to the solution. The reaction was 
allowed to warm to RT overnight whilst stirring. Water (10 mJ) was added to quench the 
reaction. The organics were separated and washed with a sat. NaHC03 solution (3 x 20 ml), 
water (3 x 20 ml) and brine (3 x 20 ml). The organics were dried (MgS04), filtered and the 
solvent removed under reduced pressure. The resulting residue was purified by column 
chromatography (silica, 1: 1 DCM:hexane). The N-biphenyl-2-yl-2-phenyl propionamide 4.66 
(1.76 g, 43%) was isolated as a white solid mp 74-75 cC. Vmax (KBr)/cm-1 3270 (amide NH 
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stretch), 1620 (C=O); OH (400 MHz, CDCb) 1.51 (3H, d, J 7.2, CHCH3), 1.64 (1H, s, NH), 
3.54 (IH, q, J 7.2, CHCH3), 7.15 (14H, In, Ar-H), 8.37 (IH, d, J 8.4, Ar-H); OC (100 MHz, 
CD Cb) 18.1 (CHCH3), 48.2 (CHCH3), 120.6 (Ar-CH), 123.9 (Ar-CH), 127.4 (Ar-CH), 127.5 
(2 x Ar-CH), 127.6 (Ar-CH), 128.3 (Ar-CH), 128.9 (2 x Ar-CH), 129.0 (2 x Ar-CH), 129.1 (2 
x Ar-CH), 129.9 (Ar-CH), 131.8 (Ar-C), 134.9 (Ar-C), 137.7 (Ar-C), 140.3 (Ar-C), 172.1 
(C=O); HRMS (FAB+) Found: [M+H+] 301.1545. C21H20NO requires 301.1545; mlz (FAB+) 
302 ([M+W], 100%),301 (35), 105 (66). 
Preparation of N-biphenyl-2-yl-2-phenylselenopropionimidic acid phenyl ester 4.67 
The reaction was carried out using dry conditions. N,N-Dimethylforrnamide (6 drops) was 
added to a solution of amide 4.66 (750 mg, 2.49 mmol) in DCM (10 ml). Phosgene (5.26 ml, 
9.95 mmol) was added dropwise to the solution and the reaction stirred at rt for 6 h. The 
solvent was removed under reduced pressure. The residue was dissolved in THF (10 ml). In a 
separate flask a IM solution of K-selectride® in THF (2.74 ml) was added to a solution of 
diphenyl diselenide (387 mg, 1.24 mmol) in THF (20 ml) forming a white suspension. The 
contents of the first flask were cannulated into the suspension of the second flask and the 
reaction allowed to stir at RT overnight. The solvent was removed under reduced pressure. 
The residue was dissolved in DCM (10 ml) and the organics washed with water (10 ml). The 
organics were separated, dried (MgS04), filtered and the solvent removed under reduced 
pressure. The resulting solid was purified by recrystallisation from DCM layered with hexane 
at reduced temperature. The N-biphenyl-2-yl-2-phenylselenopropionimidic acid phenyl ester 
4.67 (514 mg, 47%) was isolated as pale yellow crystals. No further purification was carried 
out. 
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Preparation of biphenyl-2-yl-(2-phenylpropylidene) amine 4.60 and 6-(I-phenylethyl) 
phenanthridine 4.71. 
Reaction carried out using dry conditions. Triethylamine (1.85 ml, 13 .30 mmol) and 
Pd(PPh3)4 (1.22g, 1.06 mmol) were added to a solution of imidoyl selenide 4.67 (707 mg, 
1.60 mmol) in toluene (20 ml). The reaction was refluxed for 48 h. The reaction was allowed 
to cool to rt. The reaction was filtered through a pad of celite with DCM. The solvent was 
removed under reduced pressure. The resulting residue was purified by column 
chromatography (silica, 10% DCM III hexane). The biphenyl-2-yl-(2-
phenylpropylidene)amine 4.60 (44 mg, 10%) was isolated as yellow crystals 83-84 °C. The 6-
(I-phenylethyl) phenanthridine 4.71 (67 mg, 15%) was isolated as clear crystals. 
Biphenyl-2-yl-(2-phenylpropylidene) amine 4.60 
Mp 99-100 °C; Vrnax (KBr)/cm-1 1585 (C=N); OH (400 MHz, CDCh) 1.51 (3H, d, J 7.2, 
CH2CH3), 3.54 (lH, q, J 7.2, CH2CH3), 7.24 (14H, rn, Ar-H), 8.36 (lH, d, J 8.4, imine-H); Oc 
(100 MHz, CDCh) 18.1 (CH2CH3), 48.3 (CH2CH3), 120.7 (Ar-CH), 124.0 (Ar-CH), 127.4 
(Ar-CH), 127.5 (2 x Ar-CH), 127.6 (Ar-CH), 128.4 (Ar-CH), 128.9 (2 x Ar-CH), 129.0 (2 x 
Ar-CH), 129.1 (2 x Ar-CH), 130.0 (Ar-CH), 131.9 (Ar-C), 134.9 (Ar-C), l37.7 (Ar-C), 140.3 
(Ar-C), 172.1 (imine-C); HRMS (FAB+) Found: [M+Ir] 286.1592. C21H20N requires 
286.1596; mlz (FAB+) 286 ([M+Ir], 86%),181 (71) 105 (100%). 
6-(1-Phenyl ethyl) phenanthridine 4.71 
Mp 125-127 °C; Vrnax (KBr)/cm-1 1610 (C=N), 1550 (C=C); OH (400 MHz, CDCh) 1.80 (3H, s, 
CH3), 4.52 (CHCH3), 7.41 (10H, m, Ar-H), 7.81 (lH, dd, J 1.6, 8.0, Ar-H), 7.85 (2H, m, Ar-
Il); oc(100 MHz, CDCh) 21.3 (CH3), 47.8 (CHCH3), 123.9 (Ar-CH), 125.0 (Ar-CH), 126.5 
(Ar-CH), 127.4 (Ar-CH), 127.5 (Ar-CH), 127.9 (2 x Ar-CH), 128.1 (2 x Ar-CH), 128.8 (2 x 
Ar-CH), 130.0 (2 x Ar-CH), l37.5 (Ar-C), 139.7 (Ar-C), 140.4 (Ar-C), 143.6 (Ar-C), 152.1 
(Ar-C), 180.8 (C=N); HRMS (FAB+) Found: [M+H+] 284.1439_ C21HI8N requires 284.1439; 
mlz (FAB+) 284 ([M+H+], 86%),105 (100%)_ 
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Preparation of N-biphenyl-2-yl-3-phenylpropionamide 4.62 
Triethylamine (1.65 ml, 11.82 mmol) was added to a solution of amino biphenyl (1.00 g, 5.90 
mmol) in DCM (10 ml). The solution was cooled to 0 ·C and the 3-phenylpropionyl chloride 
(0.88 ml, 5.90 mmol) was added dropwise to the solution. The reaction was allowed to warm 
to rt whilst stirring overnight. Water (10 ml) was added to quench, the organics were 
separated and washed with a sat. NaHC03 solution (10 ml), water (10 ml) and brine (10 ml). 
The organics were dried (MgS04), filtered and the solvent removed under reduced pressure. 
The resulting residue was purified by column chromatography (silica, 1:1 DCM:hexane). The 
N-biphenyl-2-yl-3-phenylpropionamide 4.62 (1.21 g, 68%) was isolated as white crystals mp 
78-80 ·C. Vmax (KBr)/cm-1 3280 (amide NH stretch), 1680 (amide), 1545 (amide C=O stretch), 
1530 (C=C); OH (400 MHz, CDCb) 2.38 (2H, t, J 7.6, COCHzCHz), 2.86 (2H, t, J 7.6 
COCHzCHz), 7.02 (lH, s, NlI), 7.20 (13H, m, Ar-lI), 8.19 (lH, d, J8.4, Ar-lI); oc(100 MHz, 
CDCh) 31.4 (COCHzCHz), 40.0 (COCHzCHz), 121.7 (Ar-Ol), 124.4 (Ar-Ol), 126.4 (Ar-
Ol), 128.0 (Ar-CH), 128.4 (2 x Ar-CH), 128.6 (2 x Ar-Ol), 129.1 (2 x Ar-Ol), 129.3 (2 x 
Ar-CH), 130.1 (Ar-CH), 132.2 (Ar-C), 134.6 (Ar-C), 138.1 (Ar-C), 140.6 (Ar-C), 170.3 
(C=O); HRMS (FAB+) Found: [M+ff] 302.1549. CZ1HzoNO requires 302.1545; m/z (F AB+) 
302 ([M+ff] 100%), 301 (36), 169 (31). 
Preparation of (Z)-phenyl N-biphenyl-2-yl-3-phenylpropanimidoselenoate 4.63 
I '-'::: SePh ccPh ~ /-N 
The reaction was carried out using dry conditions. DMF (4 drops) was added to a solution of 
amide 4.62 (410 mg, 1.38 mmol) in DCM (8 ml). Phosgene (2.16 ml, 4.08 mmol) was added 
dropwise to the solution and the reaction stirred at rt for 7 h. The solvent was removed under 
reduced pressure. The residue was dissolved in THF (10 m!). In a separate flask a 1 M 
solution of K-selectride® in THF (1.52 ml) was added to a solution of diphenyl diselenide 
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(215 mg, 0.69 mmol) in THF (20 ml) forming a white suspension. The contents of the first 
flask were cannulated into the suspension of the second flask and the reaction allowed to stir 
at rt overnight. The solvent was removed under reduced pressure. The residue was dissolved 
in DCM (10 ml) and the organics washed with water (10 ml). The organics were separated, 
dried (MgS04), filtered and the solvent removed under reduced pressure. No further 
purification was carried out. The phenyl N-biphenyl-2-yl-3-phenylpropanimidoselenoate 4.63 
was carried on to the next reaction crude. 
Preparation of pentanoic acid biphenyl-2-ylarnide 4.64 
r(YPhO ~.~ N 
H 
Triethylamine (0.75 ml, 5.90 mmol) was added to a solution of amino biphenyl (500 mg, 2.95 
mmol) in DCM (10 ml). The solution was cooled to 0 ·C and valeryl chloride was added 
dropwise. The reaction was allowed to warm to rt whilst stirring overnight. Water (10 ml) was 
added to quench. The organics were separated and washed with a sat. NaHC03 solution (10 
ml), water (10 ml) and brine (10 ml). The organics were dried (MgS04), filtered and the 
solvent removed under reduced pressure. The resulting solid was recrystalIised from DCM 
layered with hexane at reduced temperature. The pentanoic acid biphenyl-2-ylamide 4.64 
(211 mg, 28%) was isolated as a white solid. Mp 161-162 QC; Vrnax (KBr)/cm,1 3330 (amide 
NH stretch), 1590 (C=O); 011 (400 MHz, CDCh) 0.88 (JR, t, J 7.6, CH3), 1.31 (2H, m, 
CH2CH3), 1.56 (2H, rn, CH2CH2CH2), 1.76 (Ill, s, NH), 2.19 (2H, t, J 7.2 (CH2CH2CO), 
7.32 (9H, m AI-H), 8.30 (IH, d, J 8.4, AI-H); Oc (100 MHz, CDCh) 13.8 (Cfh), 22.2 
(CfhCH3), 27.5 (CH2CfhCH2), 37.6 (CH2CfhCO), 121.5 (AI-CH), 124.2 (AI-CH), 128.0 
(Ar-CH), 128.4 (Ar-CH), 129.1 (2 x Ar-CH), 129.3 (2 x AI-CH), 130.0 (AI-CH), 132.1 (AI-
C), 134.8 (Ar-C), 138.2 (Ar-C), 171.2 (C=O); HRMS (FAB+) Found: [M+W] 254.1542. 
C17H20NO requires 254.1544; mlz (FAB+) 254 ([M+W] 100%),253 (32), 170 (34),169 (41), 
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Preparation of phenyl N-biphenyl-2-ylpentanimidoselenoate 4.65 
ccPh I ~ SePh .0 ~ N 
Reaction was carried out using dry conditions. DMF ( 6 drops) was added to a solution of the 
amide 4.65 (173 mg, 0.68 mmol) in DCM (5 ml). Phosgene (1.08 ml, 2.05 mmol) was added 
dropwise to the solution and the reaction stirred at rt for 6 h. The solvent was removed under 
reduced pressure. The residue was dissolved in THF (10 ml). In a separate flask a 1 M 
solution of K-selectride® in THF (1.36 ml) was added to a solution of diphenyl diselenide 
(106 mg, 0.34 mmol) in THF (15 ml) forming a white suspension. The contents of the first 
flask were cannulated into the suspension of the second flask and the reaction allowed to stir 
at rt overnight. The solvent was removed under reduced pressure. The residue was dissolved 
in DCM (10 ml) and the organics washed with water (10 ml). The organics were separated, 
dried (MgS04), filtered and the solvent removed under reduced pressure. No further 
purification was carried out. The phenyl N-biphenyl-2-ylpentanimidoselenoate 4.65 was 
carried onto the next reaction crude. 
Preparation of biphenyl-2-ylpyridin-4-ylmethylene amine 4.78 
Pyridine-4-carboxaldehyde (0.28 ml, 2.95 mmol) was added to a solution of2-aminobiphenyl 
(500 mg, 2.95 mmol) in DCM (8 ml) in the presence of molecular sieves. The reaction was 
stirred at rt for 5 h. The reaction was filtered through a pad of celite to remove the molecular 
sieves. The solvent was removed under reduced pressure. The resulting solid was 
recrystallised from DCM layered with hexane at reduced temperature. The biphenyl-2-
ylpyridin-4-ylmethylene amine 4.78 (471 mg, 62%) was isolated as yellow crystals mp 83-84 
°C. Vmax (KBr)/cm-1 1645 (C=N), 1555 (C=C); 15H (400 MHz, CDCh) 7.09 (lH, dd, J 1.6,7.6, 
AI-H), 7.39 (8H, m, AI-H), 7.61 (2H, dd, J 1.6,7.6, AI-H), 8.44 (lH, s, imine-H), 8.88 (2H, 
d, J 6.0, AI-H); 15c (100 MHz, CDCh) 118.5 (AI-CH), 122.3 (2 x AI-C1I), 127.1 (2 x AI-CH), 
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127.8 (2 x Ar-CH), 128.5 (Ar-CH), 130.2 (2 x Ar-CH), 130.6 (Ar-CH), 135.9 (Ar-C), 139.2 
(Ar-C), 142.9 (Ar-C), 148.6 (Ar-C), 150.5 (2 x Ar-CH), 158.1 (imine-C); HRMS (FAB+) 
Found: [M+W] 259.1235. CIsH1sN2 requires 259.1235; mlz (FAB) 259 (M+W, 100"10),258 
(21). 
Preparation of N-biphenyl-2-ylisonicotinamide 4.80 
Nicotinic acid (436 mg, 3.54 mmol) was dissolved in DCM (10 ml). DMF (3 drops) and 
oxalyl chloride (0.51 ml, 5.90 mmol) were added to the solution and the reaction was stirred 
at rt for 5 h. The solvent was removed under reduced pressure. The residue was redissolved in 
DCM (20 ml) and the solution cooled to 0 cC. EtJN (0.58 ml, 4.13 mmol), DMAP (37 mg, 
0.30 mmol) and 2-aminobiphenyl (50 mg, 2.95 mmol) were added to the solution and the 
reaction allowed to warm to RT overnight whilst stirring. Water (20 rnl) was added to quench. 
The organics were separated and washed with a sat. NaHC03 solution (3 x IO ml), water (3 x 
10 rn!) and brine (3 x 10 ml). The organics were dried (MgS04), filtered and the solvent 
removed under reduced pressure. The resulting residue was purified by column 
chromatography (silica, 1:1 EtOAc: hexane). The resulting solid was further purified by 
recrystallisation from DCM layered with hexane at reduced temperature. The N-biphenyl-2-
ylisonicotinamide 4.80 (274 mg, 34%) was isolated as white crystals mp 110-112 cC. Vmax 
(KBr)/crn,1 3235 (NH stretch), 1580 (C=O), 845 (Ar-CH); 011(400 MHz, CDCh) 7.27 (IH, dt, 
J 1.2, 7.2, Ar-H), 7.33 (IH, dd, J 1.6, 7.6, Ar-H), 7.47 (8H, rn, Ar-H), 8.05 (IH, s, NH), 8.49 
(IH, d, J 8.4, Ar-H), 8.69 (2H, d, J 2.0, Ar-H); Dc (100 MHz, CDCb) 120.6 (Ar-CH), 12I.3 
(Ar-CH), 125.1 (Ar-CH), 128.5 (Ar-CH), 128.7 (Ar-CH), 129.3 (2 x Ar-CH), 129.4 (2 x Ar-
CH), 130.! (2 x Ar-CH), 132.7 (Ar-C), 134.2 (Ar-C), 137.7 (Ar-C), 141.8 (Ar-C), 150.7 (2 x 
Ar-CH), 162.9 (C=O); HRMS (FAB+) Found: [M+W] 275.1188. C1sH1SN20 requires 
275. I 184; mlz (FAB+) 275 ([M+W] 100%),274 (27), 136 (22). 
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Preparation of 6-pyridin-4-ylphenthridine 4.79 
Di-(tert)-butylperoxide (0.63 ml, 3.41 mmol) was added to a solution of imine 4.78 (400 mg, 
1.55 mmol) in PhCI (6 ml). The reaction vessel was flushed with N2(g) for 15 min. The vessel 
was sealed and the reaction heated at 140-150 °C for 48 h. The reaction was cooled to rt 
before unsealing the vessel. A sat. NaHS03 solution was added to the reaction to quench. The 
reaction was extracted with DCM (3x IO ml). The organics were dried (MgS04), filtered and 
the solvent removed under reduced pressure. The resulting residue was purified by column 
chromatography (silica, 20% EtOAc in hexane). The 6-pyridin-4-ylphenthridine 4.79 (167 
mg, 42%) was isolated as white crystals mp lOO-102°C. Vrnax (KBr)/cm"J 3020 (C-H), 1500 
(C=N), 1590 (C=C); 1)" (400 MHz, CDCh) 7.68 (2H, m, Ar-H), 7.77 (2H, m, Ar-H), 7.92 
(lH, m, Ar-H), 8.03 (lH, m, Ar-H), 8.24 (IH, m, Ar-H), 8.67 (2H, m, Ar-H), 8.75 (IH, d, J 
1.2, Ar-H), 8.84 (2H, m, Ar-H); oc (100 MHz, CDCh) 118.6 (Ar-C), 120.3 (Ar-C), 121.6 (3 x 
Ar-CH), 123.8 (Ar-CH), 127.1 (Ar-CH), 127.3 (Ar-CH), 128.4 (Ar-CH), 129.4 (Ar-CH), 
130.3 (Ar-CH), 131.7 (Ar-CH), 139.0 (Ar-C), 144.6 (Ar-C), 145.7 (Ar-C), 149.5 (2x Ar-CH), 
160.1 (Ar-C=N); HRMS (FAB+) Found: [M+W] 257.1076. CJ8H13N2 requires 257.1079; mlz 
(FAB+) 257 ([M+W] 100%). 
Preparation of biphenyl-2-ylquinolin-2-ylmethylene amine 4.82 
Quinoline-2-carboxaldehyde (464 mg, 2.95 mmol) was added to a solution of 2-
aminobiphenyl (500 mg, 2.95 mmol) in DCM (10 ml) in the presence of molecular sieves. 
The reaction was stirred at rt for 6 h. The reaction was filtered through a pad of celite with 
DCM to remove the molecular sieves. The solvent was removed under reduced pressure. The 
biphenyl-2-ylquinolin-2-ylmethylene amine 4.82 (684 mg, 75 %) was isolated as a yellow oil. 
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Vmax (KBr)/cm-1 2360 (C=N), 1427 (Ar C=N), 748 (Ar-H); On (400 MHz, CDCh) 7.24 (lH, 
dd, J 1.2,7.6, Ar-H), 7.37 (5H, m, Ar-H), 7.54 (4H, m, Ar-H), 7.73 (HI, m, Ar-H), 7.80 (1H, 
dd, JO.8, 8.4, Ar-H), 8.13 (3H, m, Ar-H), 8.83 (lH, s, imine-H); oc(100 MHz, CDCh) 118.6 
(Ar-CH), 118.9 (Ar-CH), 127.0 (Ar-CH), 127.1 (Ar-CH), 127.7 (2 x Ar-CH), 127.8 (Ar-CH), 
128.6 (Ar-CH), 128.9 (Ar-C), 129.2 (Ar-CH), 129.7 (Ar-CH), 130.0 (Ar-CH), 130.4 (2 x Ar-
CH), 130.5 (Ar-CH), 136.3 (Ar-C), 136.7 (Ar-CH), 139.5 (Ar-C), 147.9 (Ar-C), 148.4 (Ar-C), 
155.1 (Ar-C), 160.8 (imine-C); HRMS (FAB+) Found: [M+W] 309.1396. C22H17N2 requires 
309.1392; mlz (FAB+) 309 ([M+W] 100%),308 (71), 307 (33),180 (85),176 (40),155 (26), 
154 (98), 137 (45), 136 (72), 130 (46). 
Preparation of quiuoline-2-carboxylic acid biphenyl-2-yl amide 4.84 
Quinaldic acid (1.23 g, 7.09 mmol) was dissolved in DCM (20 ml). DMF (6 drops) and oxalyl 
chloride (1.03 ml, 11.82 mmol) were added to the solution and the reaction stirred for 4 h. The 
solvent was removed under reduced pressure. The residue was redissolved in DCM (30 ml) 
and the solution cooled to 0 QC. EtJN (1.15 ml, 8.27 mmol), DMAP (72 mg, 0.59 mmol) and 
2-aminobiphenyl (1.00 g, 5.90 mmol) were added to the solution and the reaction the reaction 
allowed to warm to rt overnight whilst stirring. Water (30 ml) was added to quench. The 
organics were separated and washed with a sat. NaHC03 solution (3 x 20 ml), water (3 x 20 
ml) and brine (3 x 20 ml). The organics were dried (MgS04), filtered and the solvent removed 
under reduced pressure. The resulting solid was purified by recrystallisation from DCM 
layered with hexane at reduced temperature. The quinoline-2-carboxylic acid biphenyl-2-yl 
amide 4.84 (1.22g, 64%) was isolated a yellow oil. Vrnax (neat)/cm-1 3365 (NH stretch), 1675 
(C=O), 1550 (C=C); OH (400 MHz, CDCh) 7.23 (1H, dt, J 1.2,7.6, Ar-H), 7.37 (1H, dd, J 1.2, 
7.6, Ar-H), 7.47 (1H, dt, J 1.6,7.2, Ar-H), 7.59 (6H, m, Ar-H), 7.72 (2H, m, Ar-H), 7.85 (lH, 
d, J 8.0, Ar-H), 8.32 (2H, m, Ar-H), 8.78 (1H, dd, J 1.2, 8.0, Ar-H), 10.71 (1H, s, NH); Oc 
(100 MHz, CDCh) 118.5 (Ar-CH), 119.8 (Ar-CH), 124.0 (Ar-CH), 127.6 (Ar-CH), 127.9 
(Ar-CH), 128.1 (Ar-CH), 128.6 (Ar-CH), 129.0 (2 x Ar-CH), 129.2 (Ar-C), 129.6 (Ar-CH), 
129.8 (2 x Ar-CH), 130.1 (Ar-CH), 130.2 (Ar-CH), 132.3 (Ar-C), 135.1 (Ar-C), 137.7 (Ar-
CH), 138.3 (Ar-C), 146.1 (Ar-C), 149.7 (Ar-C), 161.9 (C=O); HRMS (FAB+) Found: 
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[M+W] 325.1344. C22Hl7N20 requires 325.1341; mlz (FAB+)325 ([M+W] 100%), 154 (25), 
136 (20), 129 (29), 128 (53), 55 (20). 
Preparation of biphenyl-2-yl thiophen-2-ylmethylene amine 4.88 
ccPh I .& N'--"yS" 
V 
Thiophene-2-carboxaldehyde (0.27 ml, 2.95 mmol) was added to a solution of 2-
amino biphenyl (500 mg, 2.95 mmol) in DCM (20 ml) in the presence of molecular sieves 
under N2(g). The reaction was refluxed for 16 h. The reaction was cooled to rt and filtered 
through a pad of ceIite with DCM. The solvent was removed under reduced pressure. The 
biphenyl-2-yl thiophen-2-ylmethylene amine 4.88 (667 mg 86% crude) was isolated as a 
yellow oil. Vmax (neat)/cm-1 1575 (C=C), 1555 (C=N); OH (400 MHz, CDCh) 7.06 (2H, m, Ar-
H), 7.29 (2H, m, Ar-H), 7.42 (8H, m, Ar-H), 8.50 (IH, d, J 0.8, imine-H). 
Due to rapid hydrolysis product was used crude in the proceeding reaction. 
Preparation of biphenyl-2-yl furan-2-ylmethylene amine 4.86 
ccPh I .& N'''''y,0" 
V 
2-Furaldehyde (0.24 ml, 2.95 mmol) was added to a solution of 2-aminobiphenyl (500 mg, 
2.95 mmol) in DCM (5 ml) in the presence of molecular sieves underN2(g). The reaction was 
stirred at rt for 8 h. The reaction was filtered through a pad of ceIite with DCM to remove the 
molecular sieves. The solvent was removed under reduced pressure. The biphenyl-2-yl furan-
2-ylmethylene amine 4.86 (632 mg, 87%) as a yellow oil. Vmax (neat)/cm·1 3060 (C=C-H), 
1620 (C=N); OH (400 MHz, CDCh) 6.50 (!H, dd, J 1.6, 3.2, Ar-H), 6.87 (IH, d, J3.6, Ar-H), 
7.06 (lH, dd, J 1.2, 7.6, Ar-H), 7.37 (6H, m, Ar-H), 7.55 (!H, d, J 1.2, Ar-H), 8.22 (lH, s, 
imine-H); HRMS (FAB+) found: [M+W] 248.1071. Cl7Hl4NO requires 248.1075; mlz 
(FAB+) 248 ([M+H+] 64%), 168 (34),67 (100). 
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Preparation of N-(biphenyl-2-yl)thiophene-2-carboxamide 4.90 
Triethylamine (1.65 ml, 11.82 mmol) was added to a solution of 2-aminobiphenyl (1.00 g, 
5.91 mmol) in DCM (IS ml). The solution was cooled to 0 °C and 2-thiophenecarbonyl 
chloride (0.63 ml, 5.91 mmol) was added drop wise. The solution was allowed to warm to rt 
and stirred overnight. Water (15 ml) was added to the reaction. The organics were separated 
and washed with brine (15 ml). The organics were dried (MgS04), filtered and the solvent 
removed under reduced pressure. The resulting oil was further purified by column 
chromatography (silica). The N-(biphenyl-2-yl)thiophene-2-carboxamide 4.90 (1.19 g, 72%) 
was isolated as an off-white white solid. Mp 154-155 °C; Vmax (KBr)/cm'l 3570 (NH stretch), 
1640 (C=O), 1560 (C=C), 1599 (C=C); OH (400 MHz, CD Ch) 7.02 (HI, dd, J 4.0,5.2, Ar-H), 
7.16 (HI, dd, J 1.2, 4.0, Ar-H), 7.22 (IH, dd, J 1.2,7.6, Ar-H), 7.30 (IH, dd, J 1.2,7.6, Ar-
H), 7.48 (7H, m, Ar-H), 7.88, (1H, s, NH), 8.49 (1H, dd, J 0.8, 8.0, Ar-H); oc (100 MHz, 
CDCh) 120.8 (Ar-ClI), 124.3 (Ar-ClI), 127.8 (Ar-ClI), 128.0 (Ar-ClI), 128.2 (Ar-ClI), 128.7 
(Ar-ClI), 129.3 (2 x Ar-CH), 129.4 (2 x Ar-CH), 129.9 (Ar-ClI), 130.8 (Ar-CH), 131.9 (Ar-
C), 134.7 (Ar-C), 137.9 (Ar-C), 139.6 (Ar-C), 159.5 (C=O); HRMS (FAB+) Found: [M+W] 
280.0796. C17HI4NOS requires 280.0796; mlz (FAB+) 280 ([M+W] 100%),279 (25) 83 (72). 
Preparation of N-(biphenyl-2-yl)furan-2-carboxamide 4.91 
Triethylamine (1.65 ml, 11.82 mmol) was added to a solution of 2-aminobiphenyl (1.00 g, 
5.91 mmol) in DCM (15 ml). The solution was cooled to 0 °C and 2-furoyl chloride (0.58 rnl, 
5.91 mmol) was added drop wise. The solution was allowed to warm to rt and stirred 
overnight. Water (15 ml) was added to the reaction. The organics were separated and washed 
with brine (15 ml). The organics were dried (MgS04), filtered and the solvent removed under 
reduced pressure. The resulting solid was purified by recrystallisation from DCM/ hexane at 
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reduced temperature. The N-(biphenyl-2-yl)furan-2-carboxamide 4.91 (l.12 g, 72%) as a 
white solid. Mp 121-122 cC; Vrnax (KBr)/cm-13525 (NH stretch) 1670 (C=O), 1590 (C=C); On 
(400 MHz, CDCh) 6.48 (lH, dd, J2.0, 3.6, Ar-H), 7.14 (lH, dd, JO.8, 3.6, Ar-H), 7.20 (lH, 
dt, J l.2, 7.2, Ar-H), 7.31 (2H, m, Ar-H), 7.37 (6H, m, Ar-H), 8.27 (IH, s, NH), 8.50 (lH, dd, 
J 1.2,8.4, Ar-H); oc(100 MHz, CDCh) 112.4 (Ar-CH), 115.0 (Ar-CH), 12l.0 (Ar-CH), 124.4 
(Ar-CH), 128.1 (Ar-CH), 128.5 (Ar-aI), 129.1 (2 x Ar-CH), 129.4 (2 x Ar-CH), 130.2 (Ar-
CH), 132.2 (Ar-C), 134.4 (Ar-C), 137.9 (Ar-C), 144.3 (Ar-CH), 147.9 (Ar-C), 156.0 (C=O); 
HRMS (FAB+) Found: [M+Ir] 264.1024. C17H14N02 requires 264.1025; mlz (FAB+) 264 
([M+Ir], 100%),263 (44), 67 (36). 
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Abstract: lmidoyl phenyl selenides have been shown to be precur-
sor.; 10 phenanthridines. when treated with Pd(PPh)4 under reflux 
in toluene in the presence of a ba.o;e, giving reasonable yield 'i. It is 
proposed that insertion of palladium into the C-Se bond is followed 
by cycli~tion onto a phenyl ring and subsequent aromatisation by 
elimination of HPdSePh. 
Key words: heterocycles, palladium. phenanthridines, imidoyl sel-
enides, cyclisations 
We have an interest in the development of new methods 
to synthesise heterocyclic systems; including radical, I or-
ganometallic,' and condensation of reactive electrophilic 
systems.3 Additionally, we are using novel palladium 
chemistry as an approach to polycyclic heterocyclic mo-
tifs. We now wish to report a new Pd-mediated route to 
phenanthridines. 
Palladium plays an important role in aromatic heterocy-
dic synthesis.'" There is a large number of precursors 
available for the palladium-catalysed construction of het-
erocyclic rings; including aryl and vinyl halides or corre-
sponding trlftates, and compounds with suitably located 
Ar-H bonds. It is therefore an important challenge to find 
novel alternatives to simplifying existing synthetic routes 
and allowing rapid access to unusual systems. We have 
previously used imidoyl seleDides [PhSeC(R)=N-] as im-
idoyl radical precursors to synthesise indoles and quino-
lines.6 During the investigation. we became interested in 
using imidoyl seleDides as starting materials for Pd-medi-
ated reactions,5.- analogous to the insertion of Ni(O) into 
C-Se bonds and their use in the synthesis of stereodefined 
alkenes.' To our knowledge, there is a single study in the 
literature that reports the insertion of Pd(O) into C-Se 
bonds,' but there are no reports of insertion of Pd(O) into 
the C-Se bond of imidoyl seleDides. 
In order to explore the idea of using imidoyl selenides as 
precursors for Pd(O)-mediated reaction we have initially 
chosen to trap the imidoyl palladium species [PhSe-
PdC(R)=N-] with a phenyl group to give a phenanthridine 
ring system. The phenanthridines showed an interesting 
range of biological activities.' They can be prepared by a 
number of methods including, anionic ring closure,lO rad-
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ical methods," Bischler-Napieralski reactions." reduc-
tion of phenanthridones,13 routes using Pd catalysis,14 and 
other methods.15 Our present route to phenanthridines 1 
involves the Pd-mediated formation of one of the C-C 
bonds of the pyridine nucleus from imidoyl selenides 2, 
which in turn can be synthesised from the corresponding 
amides 3. The amides 3 are readily prepared from the ar-
omatic acid chlorides and commercially available 2-ami-
nobiphenyl4 (Scheme I). 
(XPhSePh 
~~ 
"" 
N I 
"" 
h' R 
R 2 
(XP" (XP" 
= 
I 0 
"" ~~ b NH:1: 
3 "" R 4 
Scheme 1 Proposed synthesis of phenanthridines 1 
a~ V R 
+ 
~PI\ ~N", 
4 
EtaN, CH2Cf2 
o "Cto r.t. 
~Ph ~o 
"" ~~ 
3a-g R 
1) coc\,. CH,C',!2) (PhSe),. TIlF 
cat. DMF, r.t K·Sefectride, r.t 
Scheme 2 Preparation of the imidoyl selenides 
The required amides 3 were prepared by standard proce-
dures from 2-aminobiphenyl4 and an aryl acid chloride in 
reasonable yields (Scheme 2, Table J). The amides 3 were 
converted into the appropriate a-chloroimines by treat-
ment with phosgene and catalytic DMF.'6 The required 
potassium salt of phenyl seleDide was prepared in situ by 
2170 W. R. Bowman et al. 
reduction of diphenyl diselenide with K-Selectride" and 
added directly to the unpurified a-chloroimines to give the 
imidoyl selenides 2 (Scheme 2, Table 1).10,6 The imidoyl 
selenides 2 were either used crude or after purification by 
crystallisation, or rapid chromatography. Some hydrolysis 
took place upon both silica and alumina chromatography. 
Table 1 Results of the Preparation of Imidoyl Selenides 
ccPh 1 "" SePh °N~ U 2"'<1 R 
Pd(PPh:l) .. 
Et:>N. toluene, 
reflux, 48 h 
LETTER 
I"" 
h R 
Scheme 3 Palladium-mediated preparation of phenanthridines 
Entry R Yield of amide 3 Yield of selenide 2 Table 2 Results of Palladium-Mediated Synthesis of Pbenan-
(%) (%) thridines 
2 
3 
4 
5 
6 
7 
H 
Me 
t-Bu 
OMe 
Cl 
NMe, 
CF, 
52 
64 
59 
70 
64 
6t 
77 
54 
44 
66 
51 
60 
62 
60 
A representative range of 4·substituted aryl acid chlorides 
was used to prepare the amides 3 in order to observe the 
electronic effect on the insertion of palladium into the Se-
C bond of the imidoyl selenides 2 (Table 2). With a range 
of imidoyl selenides 2 in band we explored conditions for 
the Pd·mediated cyctisation to phenathridines 1. A large 
range of conditions have been reported for palladium-
catalysed reactions.' In order to limit the number of vari-
ables in the preliminary reactions we have only used the 
readily available Pd(PPh,). as the palladium source. 
The parent imidoyl seleoide (R = H) 2a was first subject-
ed to a range of reaction conditions in the presence of 10% 
Pd(PPh,). and excess triethylamine. No reactions took 
place at either room temperature or at reflux in CH,CI2, 
THF, or MeCN. Complex mixtures were observed when 
the reactions were carried out at 80°C in DMF or chlo-
robenzene. However, when the reaction was carried out at 
80°C in toluene a trace of the desired phenanthridine la 
was detected in the IH NMR spectrum of the crude mix-
ture. Encouraged by this result the reaction was carried 
out at reflux in toluene for 48 hours, which gave a 10% 
isolated yield. A further improved yield was seen when 
we increased the amount of palladium to 0.4 equivalents. 
With these conditions in hand, the range of imidoyl sele-
nides 2a-g previously prepared were treated with 
Pd(PPh,). (0.4 equiv) and excess triethylamine in toluene 
at reflux for 48 hours, to successfully produce the respec-
tive phenanthridines la-g (Scheme 3, Table 2).11 
The phenanthridines la-g were isolated in synthetically 
useful yields, which are currently unoptimised. The elec-
tronic effect of the substitution on the aromatic ring (R) 
did not appear to affect the reaction. Carrying out the re-
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1 R Yield of pbenanthridines (%) 
1. H 24 
Ib Me 38 
le I-Bu 47 
Id OMe 39 
le et 46 
If NMe, 22 
Ig CF, 48 
action without the base gave no reaction or significantly 
reduced yield. Attempts to cyclise the a-chloroimines, 
precursors of the imidoyl selenides. under all conditions 
have failed to give any signs of the phenanthridines in our 
hands to date. 
MechanisticaUy, we propose insertion of a Pd(O) species 
into the carbon-selenium bond followed by carbopallada-
tion on to the phenyl ring. This intermediate then under-
goes rearomatisation with the loss of HPdSePh to give the 
phenanthridine system (Scheme 4). 
R 
CC'" Ph'u/sePh hA"" 
N 1 
h R 
! 
... SePh 
Pd 
Scheme 4 Proposed mechanism of palladium-mediated cyclisation 
We are pleased with these initial results and a wider range 
of targets is currently under investigation using imidoyl 
selenides and Pd-mediated conditions. We are also look-
ing at oplimising the reaction conditions. 
LETIER 
References and Notes 
(I) For example, see: (a) Bowman, W. R.; Fletcher, A. I.; 
Love11, P. I.; Pedersen, I. M. Synlett 2004, 1905. 
(b) Bowman, W. R.;F1etcher,A. I.; Pott.s, G. B. S.J. Chem. 
Soc .. Perkin Trans.12002, 2747. (c) Bowman, W. R.; 
Cloonan, M. 0.; Krintel, S. L.r. Chem. Soc .. Perkin Trans. 1 
2001,2885. 
(2) Christie, S. D. R.; Davoile, R. I.; EJsegood, M. R. I.; Fryatt, 
R.; lones, R. C. F.; Pritchard, G. I. Chem. Commun. 2004, 
2474. 
(3) For example, see: (a) Baldwin, I. E; Pritchard, G. I.; 
Rathmell, R. E. L Chem. Soc., Perkin Trons. 1 2001, 2906. 
(b) Adlington, R. M.; Baldwin, I. E.; Catterick, D.; 
Pritchard, G. Chem. Commun. 1997, 1757. (c) Baldwin, 
I. E.; Fryer, A. M.; Pritchard, G. I. Bioorg. Med. Chem. Lett 
2000,10, 309. 
(4) Li,l.l.; Gribble, G. W. Pallodium in Heterocyclic 
Chemistry; Pergamon: Oxford, 2000. 
(5) Tsuji, 1. Palladium Reagents and Catalysts; WiJey: 
Chichester, 2004. 
(6) (a) Pedersen, I. M.; Bowman, W. R.; Elsegood, M. R. I.; 
Fletcher, A. I.; Love11, P. I. J. Org. Chem. 2005, 70, 10615. 
(b) Bowman, w. R.; Fletcher. A. J.; Pedersen. I. M.; LoveD, 
P.I.; E1segood,M. R. I.; Herruindez L6pez, E.; MeKee, V.; 
Potls, G. B. S. Tetrahedron 2007, 63,191. 
(7) For example, see: (a) Silveira, C. c.; Santos, P. C. S.; Bmga, 
A. L. Tetrahedron Lelt. 2002,43,7517. (b) Silveira, C. C.; 
Cella, R.; Vieim, A. S. J. Organomet. Chem. 2006, 691, 
5861. (c) Martynov, A. V.; Potapov, V. A.; Amosova, S. V.; 
Makhaeva, N. A.; Belel<;kaya, I. P.; Hevesi. L. 
J. Organomet. Chem. 2003, 674, 101. (d) Okamurn, H.; 
Miura, M.; Kosugi. K; Takei, H. Tetrahedron Left. 1980, 
21,87. 
(8) Toyofuku, M.; Fujiwara, SA.; Shin-ike, T.; Kuniyasu, H.; 
Kambe, N. J. Am. Chem. Soc. 2005, 127,9706. 
(9) For example, ~: (a) Li. D.; Zhao. B.; Sim. S.-P.; Li. T.-K.; 
Liu, A.; LiD, L. F.; LaVoie.L.F. Bioorg. Med. Chem. 2003, 
11,521. (b) Lynch, M. A.; Duval, 0.; Sukhanova, A.; Devy, 
I.; MacKay, S. P.; Waigh, R. D.; Nabiev, I. Bioorg. Med. 
Chem. Lett. 2001,11,2643. (c) Ishikawa, T.Med. Res. Rev. 
2001,21,61. 
Synthesis of Phenanthridines 2171 
(IO) (a) Lyse., M.; Kristensen,I. L; Ved."" P.; Begtrup, M. Org. 
Lett. 2002, 4, 257. (b) Pawl .. <,l.; Begtrup, M. Org. Lett. 
2002, 4, 2687. (c) Lysen, M.; Madden, M.; Kristensen,l. L.; 
Ved.s~, P.; Ullner, c.; Beglrup, M. Synthesis 2006, 3478. 
(11) l.eardini, R.; Tundo, A.; Zananli, G. Synthesis 1985,107. 
(12) (a) Mamalis, P.; Petrow, V. I. J. Chem. Soc. 1950, 703. 
(b) Buu-Hoi, N. P.; laquignon, P.; Long, C. T. J. Chem. Soc. 
1957,505. 
(l3) Narasimharn, N. S.; Chandrdchood, P. S. Tetrahedron 1981, 
37,825. 
(14) (a) Shaba.<hov, D.; DaugulL<, O.J. Org. Chem. 2007, 72, 
7720. (b) Xie, c.; Zhang, Y.; Huang, Z.; Xu, P. J. Org. 
Chem. 2007, 72,5431. (c) Shou, W.-G.; Yang, Y.-Y.; 
Wang, Y.-G.J. Org. Chem. 2006, 71, 9241. 
(l5) Patra, P. K.; Suresh, I. R.; Ha, H.;lunjappa,H. Tetrahedron 
1998,54, 10167. 
(16) Newcomb, M.; Esker, I. L Tetrahedron Lett. 1991,32, 
1035. 
(l7) Typical Procedure for the Synthesis of Phenanthrldlnes 
To a mixture of Pd(pPh,), (83 mg, 0.072 nunol) and Et,N 
(0.13 ml, 0.90 mmol) was added the imidoyl selenide 2e (80 
mg, 0.18 mmoJ) in toluene (2 mL). The mixture wa<; refluxed 
for48 It, and after cooling to r.t., Hp (10 mL) was added. 
The reaction mixture was extracted with CH2CI2 (2 x 10 
mL). The combined organic phases were wa'ihed with a sat. 
aq solution ofNaHeO, (l0 mL), brine (10 mL), dried 
(MgS04). filtered, and the solvent removed under reduced 
pressure. The crude product was further purified by column 
chromatography (neutral alumina, 20% CH,CI, in hexane) 
to yield the desired 6-(4-<:h1orophenyl)phenantbridine (le, 
24 mg, 46%) ., colourless erystals; DIP 152--154 °C (Lit." 
mp 160-161 °C).lR(KBr): 2924,1608, 1485,1361,1091, 
829,752,721 em-'. 'HNMR(400MHz,COCI,): 6=754(2 
H, m, ArH), 7.64 (I H, m, ArH), 7.70 (3 H, m, ArH), 7.77 (I 
H, m, ArH), 7.88 (I H, m, ArH), 8.06 (I H, dd, J = 0.8, 8.4 
Hz,ArH), 8.23 (I H,dd,J= 1.2, 8.4Hz, ArH), 8.63 (I H, dd, 
J= 1.6, 8.4 Hz, ArH), 8.72 (I H, d,J= 8.4 Hz, ArH). "c 
NMR(lOOMHz,CDCI,): 6= 122.0 (ArCH), 122.4 (ArCH), 
123.8 (ArC), 125.0 (ArC), 127.2 (An:H), 127.3 (ArCH), 
128.5 (ArCH), 128.7 (2 x An:H), 129.0 (ArCH), 130.4 
(An:H),130.7 (An:H), 131.1 (2 x ArCH),133.5 (2 x ArC), 
134.9 (ArC), 143.8 (ArCCI), 160.0 (ArC=N). LRMS-FAB: 
mfz (%) = 290 (67) [M + H'l, 289 (38), 176 (22), 155 (24), 
154 (100),138 (25),137 (48), 136 (61). HMRS: mfz caled 
for C "H ,,NCI: 290.0736; found: 290.0732. 
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Table 1. Crystal data and structure refmement for 4.1. 
Identification code 
Chemical formula 
Formula weight 
Temperature 
Radiation, wavelength 
Crystal system, space group 
Unit cell paramcters 
Cell volume 
Z 
Calculated density 
AbsOl]ltion coefficient fl. 
F(OOO) 
Crystal colour and size 
Reflections for cell refinement 
Data collection method 
() range for data collection 
Index ranges 
Completeness to 0 = 31.81 ° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with Fl:> 20" 
Absorption correction 
Min. and max. transmission 
Structure solution 
Refinement method 
Weighting parameters a, b 
Data I restraints I parameters 
Final R indices [Fl:>20"] 
R indices (a\l data) 
Goodness-of-fit on F2 
Largest and mean shiftlsu 
Largest diff. peak and hole 
4.1 
C'9H'4ClN 
291.76 
150(2) K 
MoKa, 0.71073 A 
monoclinic, P2,/n 
a = 13.0567(5) A 
b = 8.0621(3) A 
c = 15.0815(5) A 
1457.23(9) A3 
4 
1.330 g/cm3 
0.254 mm-1 
608 
f3 = 113.3772(5)° 
pale yellow, 0.57 x 0.55 x 0.36 mm3 
7022 «() range 2.53 to 31.48°) 
Bruker APEX 2 CCD difIractometer 
ro rotation with narrow frames 
2.65 to 31.81° 
h -17 to 18, k -ll to ll, 1-21 to 22 
94.1 % 
0% 
17088 
4679 (Rmt = 0.0235) 
3923 
semi-empirical from equivalents 
0.869 and 0.914 
direct methods 
Full-matrix least-squares on F2 
0.0618,0.3496 
4679101190 
RI = 0.0410, wR2 = 0.1131 
RI = 0.0484, wR2 = 0.1183 
1.080 
0.001 and 0.000 
0.454 and -0.362 e k 3 
Table 2. Atomic coordinates and equivalent isotropic displacement parameters (A ~ 
for 4.1. Ueq is defined as one third of the trace of the ortbogonalized U" tensor. 
x y Z Ueq 
CI(1) 0.88888(2) -0.11173(4) 0.89995(2) 0.03785(10) 
C(l) 0.75443(9) -0.09354(14) 0.81120(9) 0.0264(2) 
C(2) 0.67161(9) -0.02538(15) 0.83608(8) 0.0279(2) 
C(3) 0.56517(9) -0.00689(14) 0.76517(8) 0.0255(2) 
C(4) 0.54050(9) -0.05858(13) 0.67047(8) 0.0231(2) 
C(5) 0.62519(10) -0.12875(15) 0.64812(9) 0.0312(2) 
C(6) 0.73298(10) -0.14425(16) 0.71805(9) 0.0323(2) 
C(7) 0.42828(9) -0.03765(14) 0.59441(8) 0.0247(2) 
N(l) 0.35225(7) 0.04164(11) 0.60983(6) 0.02340(18) 
C(8) 0.24393(9) 0.05236(13) 0.53573(7) 0.0234(2) 
C(9) 0.19453(10) -0.08394(14) 0.47600(9) 0.0289(2) 
C(1O) 0.08601(10) -0.07384(16) 0.40684(9) 0.0329(3) 
C(11) 0.02456(10) 0.07021(16) 0.39746(9) 0.0327(3) 
C(12) 0.07231(9) 0.20416(15) 0.45698(8) 0.0279(2) 
C(13) 0.18210(8) 0.19926(13) 0.52685(7) 0.0227(2) 
C(l4) 0.22959(8) 0.34899(13) 0.58593(7) 0.02167(19) 
C(15) 0.16637(9) 0.44123(14) 0.62459(8) 0.0261(2) 
C(16) 0.20864(10) 0.58573(14) 0.67697(9) 0.0287(2) 
C(17) 0.31387(10) 0.64233(14) 0.68953(8) 0.0282(2) 
C(18) 0.37754(9) 0.55254(14) 0.65141(8) 0.0277(2) 
C(19) 0.33633(9) o .40662( 13) 0.60084(8) 0.0245(2) 
Table 3. Bond lengths [A] and angles [0] for 4.1. 
CI(I)-C(I) 1.7407(1 I) C(1)-C(6) 1.3808(18) 
C(I)-C(2) 1.3907(15) C(2)-C(3) 1.3850(15) 
C(3)-C(4) 1.397\(15) C(4)-C(5) 1.3972(15) 
C(4)-C(7) 1.4689(14) C(5)-C(6) 1.3895(17) 
C(7}-N(1) 1.2772(14) N(I)-C(8) 1.4150(13) 
C(8)-C(9) 1.4050(15) C(8)-C(l3) 1.4095(15) 
C(9)-C(1O) 1.3890(16) C(1O)-C(11) 1.3866(18) 
C(11)-C(12) 1.3844(17) C(12)-C(13) 1.4029(14) 
C(13)-C(l4) 1.4822(14) C(14)-C(l5) 1.3987(15) 
C(14)-C(19) 1.4000(14) C(15)-C(l6) 1.3927(16) 
C( 16)-C(I 7) 1.3875(17) C(17}-C(18) 1.3875(16) 
C(I8)-C(I9) 1.3891(15) 
C( 6)-C(I )-C(2) 121.73(10) C(6)-C(I)-CI(l) 119.53(9) 
C(2)-C(I}:-CI(I) 118.73(9) C(3)-C(2)-C(I) 118.92(10) 
C(2)-C(3)-C(4) 120.73(10) C(3)-C(4)-C(5) 118.94(10) 
C(3)-C(4)-C(7) 121.20(9) C(5)-C(4)-C(7) 119.85(10) 
C(6)-C(5)-C(4) 120.89(1 I) C(1)-C(6)-C(5) 118.76(10) 
N(I}-C(7}-C(4) 121.45(10) C(7}-N(I)-C(8) 119.49(9) 
C(9)-C(8)-C(13) 119.76(10) C(9)-C(8}-N(I) 121.29(10) 
C(13)-C(8}-N(I) 118.79(9) C(lO)-C(9)-C(8) 120.51(11) 
C(1l)-C(1O)-C(9) 120.15(1 I) C(12)-C(ll)-C(l0) 119.59(10) 
C(1l)-C(l2)-C(13) 121.88(1 I) C(l2)-C(l3)-C(8) 118.10(10) 
C(12}-C(13)-C(l4) 119.19(9) C(8)-C(13)-C(14) 122.68(9) 
C(15)-C(l4)-C(19) ll8.10(lO) C(15)-C(14)-C(13) 120.54(9) 
C(19)-C(14)-C(13) 121.28(9) C(16)-C(15)-C(14) 120.97(10) 
C(17)-C(16)-C(15) 120.04(10) C(18)-C(17)-C(16) ll9.70(1l) 
C(17)-C(l8)-C(19) 120.27(10) C(18)-C(19)-C(14) 120.89(10) 
Table 4. Hydrogen coordinates and isotropic displacement parameters (N) for 4.1. 
x y z u 
H(2) 0.6878 0.0080 0.9007 0.033 
H(3) 0.5083 0.0415 0.78ll 0.031 
H(5) 0.6089 -0.1664 0.5842 0.037 
H(6) 0.7908 -0.1889 0.7021 0.039 
H(7) 0.4119 -0.0841 0.5324 0.030 
H(9) 0.2357 -0.1838 0.4830 0.035 
H(IO) 0.0538 -0.1658 0.3659 0.040 
H(II) -0.0499 0.0769 0.3505 0.039 
H(12) 0.0295 0.3022 0.4503 0.033 
H(15) 0.0935 0.4048 0.6150 0.031 
H(16) 0.1654 0.6456 0.7041 0.034 
H(17) 0.3422 0.7421 0.7241 0.034 
H(l8) 0.4496 0.5910 0.6599 0.033 
H(19) 0.3812 0.3451 0.5760 0.029 
Table S. Torsion angles [0] for 4.1. 
C(6)-C(I)-C(2)-C(3) 
C(I)-C(2)-C(3}-C(4) 
C(2)-C(3)-C(4)-C(7) 
C(7)-C(4)-C(5}-C(6) 
CI(I)-C(1)-C(6)-C(S) 
C(3)-C(4)-C(7}-N(1) 
C(4)-C(7}-N(I)-C(8) 
C(7}-N(I}-C(8}-C(13) 
N( 1 }-C(8}-C(9)-C(1 0) 
C(9)-C(1O)-C(11)-C(12) 
C(11)-C(12)-C(13}-C(8) 
C(9)-C(8)-C(13)-C(12) 
C(9)-C(8)-C(13)-C(14) 
C(12)-C(13)-C(14}-C(15) 
C(12)-C(13)-C(14}-C(19) 
C(19)-C(14)-C(15}-C(16) 
C( 14 )-C(l5)-C(16}-C(17) 
C( 1 6}-C(I7)-C( 18}-C(19) 
C(IS)-C(14)-C(19}-C(18) 
-0.53(18) 
1.20(17) 
-179.21(10) 
177.63(11) 
-179.97(9) 
6.42(16) 
-177.19(10) 
-144.81(11) 
176.74(11) 
0.5(2) 
-0.22(17) 
-0.62(16) 
-178.64(10) 
43.46(14) 
-133.48(11) 
-0.40(16) 
1.52(17) 
0.01(17) 
-0.91(16) 
Cl(1)-C(I )-C(2)-C(3) 
C(2)-C(3)-C(4}-C(5) 
C(3)-C(4}-C(S)-C(6) 
C(2)-C(I)-C(6)-C(5) 
C(4)-C(5)-C(6)-C(1) 
C(5)-C(4)-C(7}-N(1) 
C(7}-N(1)-C(8}-C(9) 
C(13)-C(8)-C(9)-C(10) 
C(8)-C(9)-C(10)-C(II) 
C(10)-C(11)-C(12)-C(13) 
C(ll)-C(12)-C(13}-C(14) 
N(I)-C(8)-C(13}-C(12) 
N(1)-C(8)-C(13)-C(14) 
C(8)-C(13)-C(14)-C(15) 
C(8)-C(13)-C(14 )-C(19) 
C(13)-C(14)-C(15}-C(16) 
C(IS)-C(16)-C(17}-C(18) 
C(17)-C(18)-C(19}-C(14) 
C(13}-C(14)-C(19}-C(18) 
178.42(9) 
-0.30(17) 
-1.30(18) 
-1.03(19) 
1.94(19) 
-l72.48( 11) 
39.79(15) 
1.39(17) 
-1.31(19) 
0.31(19) 
177.87(11) 
-176.09(10) 
5.90(15) 
-138.55(11) 
44.51(1S) 
-177.44(10) 
-1.31(17) 
1.12(17) 
176.10(10) 
Table 1. Crystal data and structure refinement for 4.36. 
Identification code 
Chemical formula 
Formula weight 
Temperature 
Radiation, wavelength 
Crystal system, space group 
Unit cell parameters 
Cell volume 
Z 
Calculated density 
Absorption coefficient It 
F(OOO) 
Crystal colour and size 
Reflections for cell refinement 
Data collection method 
e range for data collection 
Index ranges 
Completeness to 0 = 30.56° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F'> 2a 
Absorption correction 
Min. and max. transmission 
Structure solution 
Refinement method 
Weighting parameters a, b 
Data I restraints I parameters 
Final R indices [F'>2crl 
R indices (all data) 
Goodness-of-fit on F' 
Largest and mean shiftlsu 
Largest diff. peak and hole 
4.36 
C26H,oN, 
360.44 
150(2) K 
MoKa, 0.71073 A 
triclinic, P T 
a = 7.8184(4) A 
b = 10.6698(5) A 
c = 11.6741(6) A 
948.18(8) A' 
2 
1.262 g/cm' 
0.074 mm-I 
380 
a = 99.5042(7)° 
f3 = 98.7045(7r 
y = 91.4392(8)° 
yellow, 0.58 x 0.41 x 0.12 mm' 
5836 (0 range 2.40 to 30.56°) 
Bruker APEX 2 CCD difTractometer 
co rotation with narrow frames 
1.79 to 30.56° 
h-ll to II,k-15to 15,1-16to 16 
97.6% 
0% 
11312 
5690 (R;m= 0.0173) 
4871 
scmi-empirical from equivalents 
0.958 and 0.991 
direct methods 
Full-matrix least-squares on F' 
0.0803,0.2089 
5690/0/253 
RI = 0.0477, wR2 = 0.1283 
RI = 0.0546, wR2 = 0.1350 
1.028 
0.000 and 0.000 
0.485 and -0.206 e k' 
Table 2. Atomic coordinates and equivalent isotropic displacement parameters (A2) 
for 4.36. U,q is defmed as onc third of the trace of the orthogonalized U'i tensor. 
x y z U,q 
N(I) 0.46281(11) 0.63822(8) 0.09548(7) 0.02059(17) 
C(1) 0.49206(12) 0.69143(9) 0.21660(8) 0.01891(18) 
C(2) 0.65013(13) 0.68145(10) 0.28828(9) 0.02246(19) 
C(3) 0.67768(14) 0.73911(IO) 0.40591(9) 0.0249(2) 
C(4) 0.54889(14) 0.80934(10) 0.45164(9) 0.0262(2) 
C(5) 0.39314(14) 0.82143(9) 0.38037(9) 0.0238(2) 
C(6) 0.36109(12) 0.76270(9) 0.26226(8) 0.01926(18) 
C(7) 0.19083(12) 0.77139(9) 0.18883(8) 0.02093(19) 
C(8) 0.12421(14) 0.88964(10) 0.17726(10) 0.0276(2) 
C(9) -0.03472(16) 0.89787(13) 0.10709(ll) 0.0352(3) 
C(IO) -0.12915(15) 0.78785(15) 0.04946(11) 0.0393(3) 
C(ll) -0.06559(14) 0.66986(13) 0.06210(11) 0.0348(3) 
C(12) 0.09318(13) 0.66137(10) 0.13110(9) 0.0258(2) 
C(13) 0.51113(12) 0.52625(9) 0.06292(8) 0.02077(19) 
N(2) 0.07523(11) 0.87869(8) 0.57761(7) 0.02210(17) 
C(14) 0.17730(12) 0.86697(9) 0.68639(8) 0.02005(18) 
C(15) 0.32871(13) 0.94391(10) 0.72988(9) 0.0236(2) 
C(16) 0.42991(13) 0.92944(10) 0.83485(9) 0.0257(2) 
C(l7) 0.38073(13) 0.83864(10) 0.89772(9) 0.0257(2) 
C(l8) 0.23157(13) 0.76128(10) 0.85433(9) 0.0234(2) 
C(19) 0.12894(12) 0.77246(9) 0.74789(8) 0.02004(18) 
C(20) -0.02881(13) 0.68635(9) 0.70456(8) 0.02082(18) 
C(21) -0.01302(16) 0.56219(10) 0.64864(10) 0.0303(2) 
C(22) -0.15865(18) 0.47961(1l) 0.61040(11) 0.0363(3) 
C(23) -0.32063(16) 0.51942(11) 0.62834(10) 0.0328(3) 
C(24) -0.33816(15) 0.64216(12) 0.68517(11) 0.0324(2) 
C(25) -0.19263(14) 0.72507(10) 0.72288(10) 0.0282(2) 
C(26) 0.04653(12) 0.99132(10) 0.55731(8) 0.02169(19) 
Table 3. Bond lengths [A] and angles [0) for 4.36. 
N(1}-C(13) 1.2769(12) N(I}-C(I) 1.4158(12) 
CCI}-C(2) 1.4007(13) CCI}-C(6) 1.4076(13) 
CC2}-C(3) 1.3912(14) CC3}-C(4) 1.3889(15) 
CC4}-C(5) 1.3887(15) CC5}-C(6) 1.3996(13) 
CC6}-C(7) 1.4841(13) CC7}-C(8) 1.3963(14) 
CC7}-C(12) 1.3975(14) CC8}-C(9) 1.3943(16) 
CC9}-C(10) 1.386(2) CCIO}-C(II) 1.387(2) 
C(1I}-C(12) 1.3875(15) CC13}-C(13') 1.4657(18) 
N(2)-CC26) 1.2814(13) N(2)-C(14) 1.4198(12) 
CCI4}-C(15) 1.4017(13) CCI4}-C(19) 1.4061(13) 
CCI5}-C(16) 1.3880(14) CCI6}-C(17) 1.3881(15) 
CC 17}-C(18) 1.3902(15) CC I 8}-C(19) 1.3979(13) 
C(19}-C(20) 1.4906(13) CC20}-C(25) 1.3918(15) 
CC20}-C(21) 1.3941(14) CC21}-C(22) 1.3920(17) 
C(22)-C(23) 1.3806(19) CC23 }-C(24) 1.3870(18) 
C(24 )-CC25) 1.3929(15) CC26}-C(26") 1.4656(18) 
CC 13)-N(1)-CCI) 1\9.16(8) CC2}-C(I}-C(6) 120.22(9) 
CC2}-C(1)-N(1) 121.68(8) CC6}-C(I)-N(1) 117.97(8) 
CC3}-C(2}-C(1 ) 120.41(9) CC4}-C(3}-C(2) 119.67(9) 
CC 5)-C( 4 }-C(3) 120.12(9) C(4)-C(5}-C(6) 121.34(9) 
C( 5}-C( 6}-C(1) 1\8.22(9) C(5}-C(6)-CC7) 120.66(8) 
CCI)-C(6}-C(7) 121.08(8) CC8}-C(7)-CCI2) 1\8.73(9) 
C(8)-C(7}-C(6) 120.62(9) CC 12}-C(7)-C(6) 120.64(9) 
C(9)-C(8}-C(7) 120.63(11) C(IO}-C(9}-C(8) 1\9.90(11) 
C(9)-C(10)-C(II) 1\9.92(1\) C(10}-C(II}-C(12) 120.31(1\) 
C(1I)-C(12)-C(7) 120.48(10) N(I}-C(13)-C(\3') 119.13(1\) 
C(26)-N(2)-CCI4) 117.50(8) CCI5}-C(14}-C(19) 120.00(9) 
CC 15}-C(14)-N(2) 120.95(8) C(19}-C(14)-N(2) 118.98(9) 
C(16)-C(15)-C(14) 120.48(9) CCI5}-C(16}-C(17) 1\9.90(10) 
CC 16)-CCI7)-C(I 8) 1\9.80(9) CC 17}-C(18}-C(19) 121.43(9) 
CC I 8)-CCI9}-C(l4) 1\8.34(9) C(18}-C( 19}-C(20) 1\9.37(8) 
CC 14}-C(19)-C(20) 122.28(8) C(25}-C(20}-C(21) 118.58(10) 
CC25}-C(20)-C(l9) 121.50(9) C(21)-C(20)-C(19) 1\9.87(9) 
CC22 }-C(2! )-C(20) 120.54(1\) CC23 }-C(22}-C(21) 120.34(1 I) 
C(22)-CC23}-C(24) 1\9.80(10) CC23}-C(24}-C(25) 1\9.90(11) 
C(20)-C(25)-C(24 ) 120.84(10) N(2)-CC26)-CC26") 1\9.58(11) 
Symmetry operations for equivalent atoms 
, 
-x+1,-y+I,-z " -x,-y+2,-z+l 
Table 4. Hydrogen coordinates and isotropic displacement parameters (A2) for 4.36. 
x y z U 
H(2) 0.7391 0.6350 0.2564 0.027 
H(3) 0.7841 0.7305 0.4547 0.030 
H(4) 0.5674 0.8492 0.5318 0.031 
H(5) 0.3066 0.8706 0.4124 0.029 
H(8) 0.1878 0.9652 0.2176 0.033 
H(9) -0.0782 0.9788 0.0988 0.042 
H(lO) -0.2373 0.7932 0.0014 0.047 
H(ll) -0.1311 0.5945 0.0233 0.042 
H(12) 0.1358 0.5802 0.1392 0.031 
H(13) 0.5609 0.4776 0.1195 0.025 
H(15) 0.3623 1.0064 0.6872 0.028 
H(16) 0.5327 0.9816 0.8636 0.031 
H(17) 0.4488 0.8294 0.9702 0.031 
H(18) 0.1987 0.6995 0.8980 0.028 
H(21) 0.0980 0.5337 0.6365 0.036 
H(22) -0.1465 0.3954 0.5718 0.044 
H(23) -0.4198 0.4629 0.6018 0.039 
H(24) -0.4493 0.6696 0.6984 0.039 
H(25) -0.2054 0.8091 0.7616 0.034 
H(26) 0.0853 1.0631 0.6162 0.026 
Tab\e 5. Torsion angles [0] for 4.36. 
C(13}-N(l}-C(I}-C(2) 
C(6}-C(\}-C(2}-C(3) 
C(1}-C(2}-C(3}-C(4) 
C(3}-C( 4 }-C(5}-C(6) 
C(4}-C(5}-C(6}-C(7) 
N(l}-C(I}-C(6}-C(5) 
N(\}-C(I}-C(6}-C(7) 
C(\}-C( 6}-C(7}-C(S) 
C(\}-C(6}-C(7}-C(\2) 
C(6}-C(7}-C(S}-C(9) 
C(S}-C(9}-C(J0}-C(l\) 
C(1O}-C(\\}-C(12}-C(7) 
C(6}-C(7}-C(12}-C(I\) 
C(26}-N(2}-C(14}-C(15) 
C(J9}-C(J4}-C(15}-C(I6) 
C(l4 }-C(15}-C(16}-C(17) 
C(\6}-C(\7}-C(IS}-C(l9) 
C(\7}-C(1S}-C(19}-C(20) 
N(2}-C(14}-C(19}-C(lS) 
N(2}-C(14}-C(l9}-C(20) 
C(14 }-C(19}-C(20}-C(25) 
C(\4}-C(19}-C(20}-C(21) 
C(\9}-C(20}-C(2\}-C(22) 
C(21 }-C(22}-C(23}-C(24) 
C(21 }-C(20}-C(25}-C(24) 
C(23}-C(24}-C(25}-C(20) 
44.17(13) 
1.61(14) 
-1.45(15) 
0.75(\6) 
177.03(9) 
-176.50(S) 
5.SS(l3) 
-127.08(10) 
53.70(13) 
179.19(10) 
0.24(1S) 
0.11(17) 
-179.71(10) 
-43.74(\3) 
-1.37(15) 
-0.32(16) 
0.12(\6) 
179.3S(9) 
179.42(9) 
-1.7S(\4) 
-SI.22(13) 
101.53(12) 
17S.34(1O) 
-O.26(1S) 
-0.65(16) 
-0.15(\7) 
Symmetry operations for equivalent atoms 
'-x+1,-y+1,-z "-x,-y+2,-z+\ 
C(13}-N(I}-C(1}-C(6) 
N(1}-C(I}-C(2}-C(3) 
C(2}-C(3}-C(4}-C(5) 
C(4}-C(5}-C(6}-C(1) 
C(2}-C(\}-C(6}-C(5) 
C(2}-C(1 }-C(6}-C(7) 
C(5}-C(6}-C(7}-C(S) 
C(5}-C(6}-C(7}-C(12) 
C(12}-C(7}-C(S}-C(9) 
C(7}-C(S}-C(9}-C(10) 
C(9}-C(JO}-C(11}-C(12) 
C(S}-C(7}-C(12}-C(\I) 
C(l}-N(I}-C(13}-C(13') 
C(26}-N(2}-C(14}-C(19) 
N(2}-C(\4}-C(15}-C(l6) 
C(15}-C(16}-C(l7}-C(JS) 
C(17}-C( \ S}-C(l9}-C(14) 
C(\5}-C(14}-C(19}-C(IS) 
C(15}-C(14}-C(19}-C(20) 
C(1S}-C(19}-C(20}-C(25) 
C(IS}-C(19}-C(20}-C(21) 
C(25}-C(20}-C(21}-C(22) 
C(20}-C(21}-C(22}-C(23) 
C(22}-C(23}-C(24}-C(25) 
C( 19 }-C(20}-C(25}-C(24) 
C(14}-N(2}-C(26}-C(26") 
-139.9S(10) 
177.38(9) 
0.28(16) 
-0.59(15) 
-0.58(14) 
-17S.20(9) 
55.37(13) 
-123.86(11) 
-1.57(15) 
0.94(17) 
-0.77(\8) 
1.05(15) 
-176.91(10) 
139.25(10) 
-178.35(9) 
0.95(16) 
-1.7S(15) 
2.3S(14) 
-178.S2(9) 
97.57(12) 
-79.6S(12) 
1.00(16) 
-0.56(18) 
0.61(17) 
-177.94(10) 
175.26(11) 
Table I. Crystal data and structure refmement for 4.30. 
Identification code 
Chemical formula 
Formula weight 
Temperature 
Radiation, wavelength 
Crystal system, space group 
Unit cell parameters 
Cell volume 
Z 
Calculated density 
Absorption coefficient J.l. 
F(OOO) 
Crystal colour and size 
Reflections for cell refinement 
Data collection method 
o range for data collection 
Index ranges 
Completeness to e = 27.50° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F~2a 
Absorption correction 
Min. and max. transmission 
Structure solution 
Refinement method 
Weighting parameters a, b 
Data 1 restraints 1 parameters 
Final R indices [F~2al 
R indices (all data) 
Goodness-of-fit on F2 
Largest and mean shift/su 
Largest diff. peak and hole 
4.30 
C26HI8F:;NSe 
480.37 
150(2) K 
MoKa, 0.71073 A 
tric1inic, P 1 
a = 9.439(3) A 
b = 11.638(5) A 
c = 11.667(3) A 
1088.6(7) A3 
2 
1.466 g/cm3 
1.763 mm-1 
484 
a= 108.173(5)° 
13 = 112.532(4)° 
'Y = 95.821(5)° 
pale yellow, 0.53 x 0.38 x 0.35 mm' 
5010 (0 range 2.20 to 30.32°) 
Bruker APEX 2 CCD diiTractometer 
Cl) rotation with narrow frames 
2.04 to 27.50° 
h-12to 12,k-15to 15,1-15to 15 
98.9% 
0% 
10323 
4958 (R;m = 0.0416) 
4180 
semi-empirical from equivalents 
0.425 and 0.540 
direct methods 
Full-matrix least-squares on F2 
0.\168,0.0000 
4958/0/280 
RI = 0.0524, wR2 = 0.1459 
RI = 0.0618, wR2 = 0.1541 
1.017 
0.000 and 0.000 
1.760 and -0.843 e k' 
Table 2. Atomic coordinates and equivalent isotropic displacement parameters (A 2) 
for 4.30. U,q is defmed as one third ofthe trace of the orthogonalizcd U'i tensor. 
x y z U,q 
N(I) 0.8509(3) 0.3213(2) 0.4419(2) 0.0286(5) 
C(1) 0.7810(3) 0.3069(2) 0.5115(3) 0.0272(5) 
Se(l) 0.72504(4) 0.14686(2) 0.52258(3) 0.03553(14) 
C(2) 0.7647(3) 0.2036(3) 0.7079(3) 0.0317(6) 
C(3) 0.9051(4) 0.2876(3) 0.8063(3) 0.0353(6) 
C(4) 0.9333(4) 0.3249(3) 0.9387(3) 0.0433(7) 
C(5) 0.8254(5) 0.2764(4) 0.9745(4) 0.0527(9) 
C(6) 0.6863(5) 0.1897(5) 0.8762(4) 0.0610(11) 
C(7) 0.6547(4) 0.1536(4) 0.7416(4) 0.0503(9) 
C(8) 0.9039(3) 0.2233(3) 0.3750(3) 0.0304(6) 
C(9) 0.8171(4) 0.1609(3) 0.2371(3) 0.0358(6) 
C(lO) 0.8685(4) 0.0692(3) 0.1659(3) 0.0425(7) 
C(l1) 1.0064(4) 0.0390(3) 0.2319(3) 0.0420(7) 
C(12) 1.0928(4) 0.1016(3) 0.3689(3) 0.0375(7) 
C(I3) 1.0449(4) 0.1945(3) 0.4439(3) 0.0311(6) 
C(14) 1.1402(3) 0.2569(3) 0.5917(3) 0.0307(6) 
C(l5) 1.1900(4) 0.1841(3) 0.6680(3) 0.0373(6) 
C(16) 1.2776(4) 0.2395(3) 0.8059(3) 0.0438(7) 
C(l7) 1.3180(4) 0.3674(3) 0.8702(3) 0.0430(7) 
C(18) 1.2705(4) 0.4416(3) 0.7971(3) 0.0384(7) 
C(19) 1.1821(3) 0.3864(3) 0.6574(3) 0.0327(6) 
C(20) 0.7381(3) 0.4153(2) 0.5867(3) 0.0265(5) 
C(21) 0.8405(3) 0.5333(2) 0.6401(3) 0.0279(5) 
C(22) 0.8066(3) 0.6373(3) 0.7108(3) 0.0304(6) 
C(23) 0.6696(3) 0.6239(3) 0.7285(3) 0.0295(6) 
C(24) 0.5659(3) 0.5067(3) 0.6749(3) 0.0340(6) 
C(25) 0.6007(3) 0.4033(3) 0.6049(3) 0.0314(6) 
C(26) 0.6352(4) 0.7379(3) 0.8053(3) 0.0379(7) 
F(l) 0.5871(3) 0.8091(2) 0.7355(2) 0.0625(6) 
F(2) 0.5224(3) 0.7116(2) 0.8420(3) 0.0646(7) 
F(3) 0.7614(3) 0.8096(2) 0.9176(2) 0.0719(8) 
Table 3. Bond lengths [A] and angles [0] for 4.30. 
N(I}-C(I) 1.263(4) N(1}-C(8) 1.422(3) 
CCI}-C(20) 1.487(4) CCI}-Sc(l) 1.940(3) 
Se(1}-CC2) 1.921(3) CC2}-C(3) 1.379(4) 
CC2}-C(7) 1.380(4) CC3}-C(4) 1.375(4) 
CC4}-C(5) 1.375(5) CC5}-C(6) 1.383(6) 
CC6}-C(7) 1.391(S) CC8}-C(9) 1.389(4) 
CC8}-C(13) 1.403(4) CC9}-C(lO) 1.388(4) 
C(10}-CCII) 1.380(S) CC ll}-C(l 2) 1.380(S) 
CCI2}-C(13) 1.397(4) CC13}-C(14) 1.48S(4) 
CCI4}-C(19) 1.394(4) CC I 4}-C(1 S) 1.401(4) 
CCIS}-C(16) 1.383(S) CCI6}-C(17) 1.376(S) 
CCI7}-C(18) 1.38S(S) CCI8}-C(19) 1.400(4) 
C(20}-CC2S) 1.393(4) C(20}-C(21) 1.393(4) 
CC21}-C(22) 1.381(4) CC22}-C(23) 1.386(4) 
CC23}-C(24) 1.393(4) CC23}-C(26) 1.49S(4) 
CC24}-C(2S) 1.377(4) CC26}-F(3) 1.324(4) 
CC26}-F(I) 1.331(4) CC26}-F(2) 1.333(4) 
C(I}-N(I}-C(8) 121.8(2) N(I}-C(I}-C(20) 119.3(2) 
N(1}-C(I}-Se(1) 122.2(2) CC20}-C(I}-Se(l) 118.SI(19) 
CC2}-S e(l}-C(1 ) 9936(12) C(3}-C(2}-C(7) 120.6(3) 
C(3}-C(2}-Se(l) 120.4(2) CC7}-C(2}-Se( I) ll9.0(2) 
C( 4 }-C(3 }-C(2) 119.7(3) C(3}-C(4}-C(S) 120.7(3) 
C(4}-C(S}-C(6) 119.6(3) CCS}-C(6}-C(7) 120.1(3) 
CC2}-C(7}-C(6) 119.3(3) CC9}-C(8}-C(13) 120.3(3) 
CC9}-C(8}-N(I) 118.1(3) CC 13}-C(8}-N(l) 121.4(2) 
CCIO}-C(9}-C(8) 120.4(3) CCll}-C(IO}-C(9) 120.1(3) 
C(10}-C(II}-C(12) 119.3(3) CC 11}-C(l2}-C(13) 122.2(3) 
CCI2}-CC13}-C(8) 117.6(3) CC 12 }-C( 13 }-C(14) 120.0(3) 
CC8}-C(13}-C(14) 122.3(2) CCI9}-C(l4}-C(lS) ll8.6(3) 
C(l9}-CCI4}-C(13) 122.0(3) CC IS}-C(l4}-C( 13) 119.4(3) 
CCI6}-C(lS}-C(14) 120.7(3) CCI7}-C(l6}-C(lS) 120.4(3) 
CC I 6}-C(17}-C(18) 120.1(3) CCI7}-C(18}-C(19) 120.0(3) 
CCI4}-C(19}-C(l8) 120.2(3) CC2S}-C(20}-C(21) 119.4(2) 
C(2S}-C(20}-C(I) 122.6(2) CC21}-CC20}-C(1) ll8.0(2) 
CC22}-CC21}-C(20) 120.4(2) CC21 }-CC22}-C(23) ll9.6(3) 
CC22 }-CC23 }-C(24) 120.5(3) CC22 }-CC23 }-C(26) ll8.7(3) 
C(24 }-C(23}-C(26) 120.8(3) CC2S }-CC24 }-C(23) ll9.6(3) 
CC24 }-C(2S}-C(20) 120.5(3) F(3}-C(26}-F(1 ) 106.6(3) 
F(3}-C(26}-F(2) 105.9(3) F(l }-C(26}-F(2) 106.0(3) 
F(3}-C(26}-C(23) 112.0(3) F(l}-C(26}-C(23) 112.6(2) 
F(2}-C(26}-C(23) 113.2(3) 
Table 4. Hydrogen coordinates and isotropic displacement parameters (A ~ for 4.30. 
x y z U 
H(3) 0.9819 0.3196 0.7826 0.042 
H(4) 1.0285 0.3849 1.0062 0.052 
H(5) 0.8462 0.3022 1.0664 0.063 
H(6) 0.6123 0.1547 0.9006 0.073 
H(7) 0.5584 0.0953 0.6736 0.060 
H(9) 0.7220 0.1812 0.1911 0.043 
H(IO) 0.8087 0.0270 0.0715 0.051 
H(Il) 1.0416 -0.0242 0.1836 0.050 
H(J2) 1.1880 0.0809 0.4137 0.045 
H(15) 1.1632 0.0957 0.6246 0.045 
H(I6) 1.3100 0.1890 0.8565 0.053 
H(I7) 1.3786 0.4049 0.9649 0.052 
H(I8) 1.2980 0.5298 0.8417 0.046 
H(I9) 1.1505 0.4375 0.6073 0.039 
H(21) 0.9343 0.5421 0.6278 0.033 
H(22) 0.8766 0.7176 0.7471 0.037 
H(24) 0.4717 0.4981 0.6866 0.041 
H(25) 0.5305 0.3231 0.5688 0.038 
Table S. Torsion angles [0] for 4.30. 
C(S}-N(I )-C(I )-C(20) 
N(I)-C(I}-Se(l)-C(2) 
C(I }-Se( 1 )-C(2)-C(3) 
C(7)-C(2)-C(3}-C(4) 
C(2)-C(3)-C( 4 }-C(S) 
C(4)-C(S)-C(6)-C(7) 
Se(I}-C(2}-C(7}-C(6) 
C(1}-N(I)-C(S)-C(9) 
C(\3)-C(S)-C(9)-C(l0) 
C(S)-C(9)-C(l0)-C(II) 
C(10}-C(II)-C(l2}-C(\3) 
C(11)-C(12)-C(\3}-C(14) 
N(I)-C(S)-C(\3}-C(l2) 
N(I)-C(S}-C(\3}-C(l4) 
C(S)-C(\3)-C(l4)-C(19) 
C(S)-C(\3)-C(l4)-C(l5) 
C( 13 )-C(14)-C(lS}-C(l6) 
C( IS}-C(16)-C( 17}-C(lS) 
C(15)-C(l4)-C(19}-C(IS) 
C( 17)-C(lS)-C(19}-C(14) 
Se(1 }-C(I )-C(20)-C(25) 
See I}-C( 1 )-C(20 )-C(21) 
C( I )-C(20 }-C(21 )-C(22) 
C(21 )-C(22 )-C(23 }-C(24) 
C(22)-C(23)-C(24}-C(2S) 
C(23)-C(24)-C(25}-C(20) 
C( I )-C(20 )-C(25)-C(24) 
C(24)-C(23)-C(26}-F(3) 
C(24}-C(23)-C(26}-F(l) 
C(24)-C(23)-C(26}-F(2) 
175.S(2) 
142.S(2) 
-4S.9(3) 
-2.0(5) 
2.0(5) 
-\,2(7) 
176.S(3) 
104.2(3) 
0.2(4) 
0.1(5) 
0.5(5) 
17S.5(3) 
-176.4(3) 
5.0(4) 
-49.1(4) 
130.S(3) 
-179.4(3) 
O.3(S) 
-0.7(4) 
0.6(4) 
-34.2(3) 
146.0(2) 
ISO.O(2) 
-0.4(4) 
0.6(4) 
-0.4(4) 
-179.S(3) 
\34.3(3) 
-105.5(3) 
14.S(4) 
C(S}-N(I)-C(l}-Se(l) 
C(20}-C( 1 }-Se( I }-C(2) 
C( I }-Se( 1 )-C(2)-C(7) 
Se(I)-C(2)-C(3)-C(4) 
C(3)-C(4)-C(5)-C(6) 
C(3)-C(2)-C(7)-C(6) 
C(5)-C(6)-C(7)-C(2) 
C(1}-N(I)-C(S}-C(13) 
N(I)-C(S}-C(9}-C(l0) 
C(9)-C(10)-C(II)-C(12) 
C(1l)-C(12)-C(\3}-C(S) 
C(9)-C(S)-C(J3)-C(l2) 
C(9)-C(S)-C(J3)-C(14) 
C(12)-C(J3)-C(l4}-C(19) 
C(12)-C(\3)-C(l4}-C(I5) 
C(19)-C( 14)-C(15}-C(16) 
C(14)-C(15)-C(16}-C(17) 
C(16)-C(17)-C(lS}-C(19) 
C(\3)-C(14)-C(19}-C(IS) 
N(l}-C(I}-C(20)-C(25) 
N(l)-C(l )-C(20}-C(21) 
C(25)-C(20)-C(21 }-C(22) 
C(20)-C(21)-C(22}-C(23) 
C(21 )-C(22)-C(23}-C(26) 
C(26)-C(23)-C(24 }-C(25) 
C(21 }-C(20)-C(25}-C(24) 
C(22)-C(23)-C(26}-F(3) 
C(22)-C(23)-C(26}-F(l) 
C(22)-C(23)-C(26}-F(2) 
-4.S(4) 
-37.S(2) 
134.7(3) 
-17S.4(2) 
-0.4(6) 
0.4(5) 
\.2(7) 
-79.5(4) 
176.5(3) 
-0.5(5) 
-0.\(4) 
-0.2(4) 
-17S.8(3) 
132.3(3) 
-47.8(4) 
0.6(4) 
-0.4(5) 
-O.4(S) 
179.3(3) 
14S.1(3) 
-34.7(4) 
0.2(4) 
0.0(4) 
-ISO.0(3) 
-179.8(3) 
0.1(4) 
-46.1(4) 
74.1(4) 
-165.7(3) 

